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19. Appendix N: EXOSIM 2.0 (End-to-end)
FILE: uuv22.19g/debug/makefile

FORFLAGS =code large optimize(3) storage(integer*2)
DUTILITY = ^/DUTILITY/UTILITY.LIB
SUTYILITY = ^/SUTILITY/UTILITY.LIB

St10GRAM =\

SSBLI(OO.BL\
SSBLKO1.BL\
SSBLK02.BL\
SSBLK03.BL\
SSBLK04.BL\
SSBLK05.BL\
SSBLK06.BL\
SSBLK07.BL\
SSBL)(08.BL\
SSBLKO9.BL\
SSBLK1O.BL\
SSBLK11.BL\
SSBLK12.BL\
SSBLK13.BL\
SSBLK14.BL\
SSBLK15.BL\
SSBLK16.BL\
SSBL)(17.BL\
SSBLI<18.BL\
CROSSBAR.BL\
SEQUENCER. BL

default: $ (PROGRAM)

SSBLKOO.BL: UUBLKOO.OBJ S(DUTILITY)
submit :PFP:csd/forbldlnew( SSBLKOO, 'UUBLKOO.OBJ,S(DUTILITY)' notype

SSBLKOI.BL: UUBLKO1.OBJ $ (SUTILITY)
submit :PFP:csd/forbldlnew( SSBLK0l, 'UUBLKO1.OBJ,S(SUTILITYP,, notype

SSBLKO2.RL: UUEbLK02.OBJ $(SUTILITY)
submit :PFP:csd/forbidinew( SSBLK02, 'UVBLK02.OBJ,$(SUT1LITY)' notype

SSBLKO3.BL: UUBLK03.OBJ $ (SUTILITY)
submit :PFP:csd/forbidlnew( SSBLK03, 'UUBLKO3.OBJ,$(SUTILITY), notype

SSBLKO4.BL: UUBLKO4.OBJ S(DUTILITY)
submit :PFP:csd/forbldlnew( SSBLK04, 'UUBLK04.OBJ,S(DUTILITY)' notype

SSBLKO5.BL: UUBLK05.OBJ $ (SUTILITY)
submit :PFP:csd/forbidlnew( SSBLKO5, 'UUBLKOS.OBJ,S(SUTILITY), notype

SSBLKO6.BL: UUBLK06.OBJ $(SUTILITY)
submit :PFP:csd/forbldlnew( SSBLK06, IUUBLKOE.OBJ,$(SJTILITY), notype

SSBLK07.BL: UUBLK07.OBJ $ (SUTILITY)
submit :PFP:csd/forbidlnew( SSBLrKO7, IUUBLK07.CBJ,$(SUTILITY)I notype

SSBLK08.BL: UUBLK08.OBJ S(S(JTILTTY)
submit :PFP:csd/forbldlnew( SSSLK08, 'UUBLK08.OBJ,$(SUTILITY)' nctype

SS.BLKO9.BL: UUBLK09.OBJ $(SUTILITY)
submit :PFP:csd/forbldlnew( SSBLK09, 'UUBLK09.CBj,S(SUT~IL?-Y)', notype

S,,!LK 10. BL: UUBLKlC.OBJ $(SU'ULITY)
submit :PFP:csd/forbldlnew( SSBLK10, 'UUBLK1O.OBJ,$(SUTILITY), notype
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SSBLKlI.BL: UUBLKll.OBJ S(DUTILITY)
submit :PFPzcsd/forbldlnew( SSBLKII, 'U'BLKI.OBJ,$(DUf.iLY), ri-"ype

SSBLK12.BL: ULURLK12.OBJ S(DUTILITY)3
submit :PFP:csd/forbldlnew( SSBLK12, IUUBLKl2.OBJ,$(DUTILITY), not'ype

SSBLKl3.BL: UUBLK13.OBJ $ (SUTILITY)

submit :PFP:csd/forbldlnew( SSBLK13, IUUBLK13.OBJ,$(SUTILITY)' notypeI

SSBLK14.BL: UUBLK14.OBJ S(SUTILITY)
submit :PFP:csd/forbldlnew( SSBLK14, IUUBLK14.OBJ,$(SUTILITY)I notype)3

SSBLK15.BL: UUBLK15.OBJ $ (DUTILITY)
submit :PFP:csd/forbldlnew( SSBLKl5, 'UUB'LKl5.OBJ,$(DUTILITY)1, notype

SSBLKI6.BL: UUBLK16.OBJ $(SUTILTP,)I
submit :PFP:csd/forbldlnew( SSBLKl6, IUUBLK16.OBJ,S(SUTILITY)I, notype

SSBLKl7.BL:UUBLK17.OBJ S(SUTILITY)
submit :PFP:csd/forbldlnew( SSBLK17, 'LUBLKl7.OBJ,$(SUTILITY), notypeI

SSBLKl8.BL: UUBLK18.OBJ $ (SUTILITY)

submit :PFP:csd/forbldlnew( SSBLI<18, IUUBLK18.OBJ,S(SUTILITY)* notype

CROSSBAR. BL SEQUENCER. BL - NETWORI<.TXT

submit :PFP:csd/xbc( network.txt)3

for. obj :
ftn286.new $< S(forflags)

clean:
delete *.obj,-.st*.mpl,*.mp2. *.bl

run:

resetI
start process.txt
ioserve process.txt 3600 -debug

FILE: uuv22.19g/debuq/network.txtI

LOOP

CYCLE I I
p05, p13 := p00.4; [ REAL*8 XD 1000 1

CYCLE E2 1
p08 := p00.2; [ REAL*4 XD_ 1001 1

CYCLE [ 3
p05, p13 -= p00.4; CREAL*8 YD 1002

CYCLE 1
p08 := p00.2; (REAL*4 YD_ 1003 I

CYCLE 5 1
p05, p13 := p00.4; [ REAL*8 ZO 1004

CYCLE 16 1
p08 := pOO.2; [REAL*4 ZD_ 1005 1

CYCLE 1
p05, p13 :=pOO.

4; [ REAL*8 X 10063

CYCLE 18
p02, pO

8
, p10 := p00.2; [ REAL*4 X_ 1007
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CYCLE [9 1
p
0 5

, p13 PEAL*8 Y 1008

CYCLE 10
pO2, p08, plO p00.2; [REAL*4 Y- 1009

CYCLE 11)
p05, p13 p00.4; ( REAL*8 Z 10101

CYCLE 12
p02, p08, p10 : p00.2; [ REAL*4 Z _1011

CYCLE r13 1
p04, p13 p10.2; f REAL*4 P 1012 1

CYCLE 14
p04, p05, p

13  
p10.2; 1REAL*4 Q 1013

CYCLE 15 15
p04, p05, p13 p10.2; REAL*4 R 1014

CYCLE 16 1
p00 : p10.2; 1REAL*4 QUAT(1) 1015

CYCLE [17]
p00 : plO.2; REAL*4 QUAT(2) 1015 1

CYCLE 18 1
p900 : p10.2; ( REAL*4 QUAT(3) 1015

CYCLE 19 19
p00 : p10.2; 1REAL*4 QUAT(4) 1015 1

CYCLE (20 j
p19 := p00.4; 1REAL*8 MASS .316

CYCLE 121 1
p06, plO, p21 p00.2; REAL*4 MASS_ 1017

CYCLE 22
p04, p05, p08, plO, p13 p00.2; REAL*4 CIM(1) 1018

CYCLE 23
p04, p05, p08, plO, p13 p00.2; (REAL*4 CIM(2) 1018

CYCLE 124 1
p04, pa

5
, p08, plO, p13 p00.2; 1REAL*4 CIM(3) 1018

CYCLE 125
p04, p05, p08, p10, p

13  
p00.2; REAL*4 CIMM4 1018

CYCLE 126 1
p04, p05, p08, plO, p

13  
p00.2; [REAL*4 CIM(5) 1018

CYCLE 127
p04, p05, p08, plO, p13 p00.2; 1REAL*4 CIM(6) 1018

CYCLE r 28 1
pa

4
, p05, pa

8
, plo, p13 p00.2; 1REAL*4 CIM(7) 1018

CYCLE 129 1
p04, p05, p08, plO, p13 p00.2; 1REAL*4 CIM(8) 1018

CYCLE 3C0
p04, p05, p08, plO, p

1 3  
:= p00.2; REAL*4 CIM(9) 1018

CYCLE 131
p13 :=p00.4; 1REAL*8 lID 1019

CYCLE 32
p13 :=p00.4; [REAL*8 VD 1022

CYCLE 133
p13 :=p00.4; 1REAL*8 WD 1024

-Y-LF 34
p13 :=p10.2; REAL*4 PD 1020

CYCLE 135
p13 :- plO.2; REAL*4 00 10211



I
4 Annual Report: Digita Emulation Tecmuology Laboratory Volume 1, Part 3

CYCLE 3 36 1 1
p13 := p10.2; REAL*4 RD 1023 1

CYCLE [ 37 i
p13 := p00.4; [ REAL*8 GR 1) 1025 3

CYCLE [ 38 ]
p13 := p00 4; REAL-8 GR(2) 1035

CYCLE 39 )
p13 := p00.4; REAL*8 GR(3) 1025

CYCLE 3 40 1
p13 := p00.4; [ REAL*8 XYZE(1) 2000 3

CYCLE 41 1
p13 := pO0.4; 3 REAL-8 XYZE(2) 2000 1

CYCLE [ 42 1
p13 := p00.4; REAL*8 XYZE(3) 2000 ]

CYCLE 3 43 ]
p08 := pO0.2; 3 REAL*4 XYZE (1) 2001 j

CYCLE [ 44 1
p08 := p00.2; 3 REAL*4 XYZE_(2) 2001 3

CYCLE 3 45 3
p08 := p00.2; 3 REAL*4 XYZE_(3) 2001 ]

CYCLE 46 1
p13 := pOO. 4 ; [ REAL*8 XYZED(1) 3000 ]

CYCLE [ 47 1
p13 := pO0.4; [ REAL*8 XYZED(2) 3000 1

CYCLE 3 48 I
p13 := p00.4; 3 REAL*8 XYZED(3) 3000 1

CYCLE 3 49 ]
p09 := pOO. 2; 3 REAL*4 Zi.P 4000 3

CYCLE [ 50 ]p06, p09, p26, p13, p15, p25, p23 := pO0.2; 3 REAL'4 CG(1) 4001 3

CYCLE 3 51 ] I
p06, p09, p26, p13, p15, p25, p23 := p00.2; REAL*4 CG(2) 4001 3

CYCLE 3 52 3
p06, p09, p26, p13, p15, p25, p23 := pOO.2; 3 REAL*4 CG(3) 4001 3

CYCLE 3 53 1 I
plO, p1 9  := p00.2; [ REAL*4 IXX 4002 ]

CYCLE 354
p06, plO, p19 := p00.2; [ REAL*4 IYY 4003 1

CYCLE 3 55 1
p06, plO, p19 p00.2; 3 REAL*4 IZZ 4004 3

CYCLE [ 56 ]
pO0o, plO := p09.2; 3 REAL*4 FXT 4006 3 I

CYCLE 3 57 ]
p00 ;= p09.2; f REAL*4 FYT 4008 3

CYCLE 3 58 3 I
p00 := p09.2; [ REAL*4 FZT 4010

CYCLE 3 59 1
plO := p09 .2 ; [ REAL*4 MXT 4012 ]

CYCLE 3 60 ]
plO := p09.2; 3 REAL*4 MYT 4014 3

CYCLE 61 3
plO := p09.2; 3 REAL*4 MZT 4016 i

CYCLE 3 62 3
p00 := p09.2; 3 REAL*4 MDOTT 4018 i

I
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CYCLE 63
p00, p0: p23.2; [ REAL-4 FRCX 4005

CYCLE [ 64
p00 := p23.2; REAL*4 FRCY 4007

CYCLE [ 65 ]
p00 := p23.2; RLAL*4 FRCZ 4009

CYCLE 66 1
p10 := p

2 3
.
2
; REAL*4 MRCX 4011

CYCLE 67 ]
plO := p23.2: REAL'4 MRCY 4013

CYCLE 68 :
p!0 := p23.2; REAL*4 MRCZ 4015

CYCLE 69 ]
p0 := p23.2; 3 ?EAL*4 MDOTF 4017 3

CYCLE 70 1
p09 := p

2
3.2; [ REAL*4 FOFFI(!) 5000

CYCLE 71 ;
p09 := p23.2; [ REAL*4 FOFFI(2) 5000

CYCLE [ 72 ]
p09 := p23.2; REAL*4 FOFFI(3) 5000

CYCLE 3 73 ;
p09 := p23.2; [ REAL*4 FOFF1(4) 5000

CYCLE 74 ]
p09 := p23.2; [ REAL*4 FOFF2(1) 5001

CYCLE [ 75
p09 := p23.2; REAL-4 FOFF2(2) 5001

CYCLE [ 76 3
p09 :- p

23
.2; [ REAL*4 FOFF2(3) 5001

CYCLE [ 77 1
p09 := p23.2; 3 REAL*4 FOFF2(4) 5001

CYCLE 3 78 j
p05 := p08.2; [ REAL*4 CER(1) 6000

CYCLE [ 79 ]
p05 := p08.2; REAL*4 -Eh(2) 6000 ]

CYCLE 6 8]
p05 := p0

8
.
2
; 3 REAL*4 CER(3) 6000 ]

CYCLE [ 81 ;
p05 := p08.2; REAL*4 CER(4) 6000 3

CYCLE 82 
p05 := p0

8
.
2
; REAL*4 CER(5) 6000

CYCLE [ 83 ]
p05 := p08.2; REAL*4 CER(6) 6000 ]

CYCLE 84 3
p05 := p08.2; [ REAL*4 CER(7) 6000

CYCLE [ 85 3
p05 := p08.2; REAL*4 CER(8) 6000 I

CYCLE [ 86 ]
p05 := p08.2; 3 REAL*4 CER(9) 6000 3

CYCLE [ 87 3
p02, p

12  
:= p08.2; [ REAL*4 ALT 7000

CYCLE 88 3
OJ9 p12.2; REAL*4 PRESS 8001
p14 p05.4; 3 NEAL*8 GR"''(, ) 8002

CYCLE 89 3
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p14 := p05.4; REAL*8 GRT(I,2) 8002
p]5 p1.

2
; [ REAL4 RHO 8003 I

CYCLE 90 ]
p14 p05.4; REAL8 GRT 1,3) 8002 ]
p15 p12.2: REAL*4 VSND b004 3

CYCLE 91 ]
p23 - p15.2; [ RFAL*4 MACH 8096
p14 := p05.4; REAT*8 VTIC(I,1) 8010

CYCLE 92 1 I
p23 p15.2; REAI*4 QA 8007 i
p1

4  
:= p05.4; [ REA 8 /TIC(1,2) 8010

CYCLE 93 '
pl0, pl0 p15.2; REAL*4 FXA 8008 I
p14 := p05.4; REAL*8 VTIC(1,3) 8010

CYCLE [ 94
p00 p15.2; [ REAL*4 FYA 8009 ]
p14 p05.4; REAL*8 RTIC(1,1) 8015

CYCLE 95 1
p00 := p15 2; [ REAL*4 FZA 8011 1
p74 p05.4; REAL*8 RT=-(1,2) 8015 I

CYCLE 96 ]
p10 p15.2; REAL*4 MXA 6012
p74 p05.4; REAL*8 RTIC(1,3) 8015

CYCLE 97 ]
plO := p15.2; REAL4 MYA 8013

CYCLE 98 ,
pl0 := p15.2; REAL*4 MZA 8014

p15 := p08.2; REAL*4 VRWM(1) 8000 991

CYCLE [ 1
p15 := p08.2; REAL*4 VRWM(2) 8000

CYCLE 10 ] I
p15 := p08.2; r REAL*4 VRWM(3) 8000

CYCLE r 102 j
p15 := p08.

2
: REAL*4 XVRWM3 800

CYCLE [ 103 •
pi 4, p20 p8.: REAL*4 MAVPWM 3000

CICLE 104 I
p
1 4  

:= p05.4; REAL*8 LAMDXX(1) 9001 1

CYCLE 1C5
p14 := p05.4; [ REAL8 LAMDXX(2) 9001 ]

CYCLE [ 106 I
p20 := p05.2: REAL*4 LAMSEK1) 9002 1

C Y C L E 1 ! 7 I '
p20 := pO5.2- ' REAL*4 LAMSEK(2) 9002 ]

: c8

p13 := pC4.2; REAL*4 PULSEC(1) 10000

_Y CI-E I " 9

p
1 3  

:= p04.2; REAL*4 PU-SEG(2) 10000

CYCLE i0 i
p13 := p04.2; REAL*4 PULSEG(3) i0000 I

CYCLE I i 1p02 pu5.
2
: REAL*4 RRELTR(I) !!000

p26 p25.2; REAL*4 BFXACS 1113 1

CYCLE ' 112 1

p02 := p05.2; REAL*4 RP.L242) 1120C
p26 :- p

25
.
2
; REAL*4 FYACS 11004

I
I
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I CYCLE [113 ]
p02 p05.2; [ REAL14 RRELTR(3) 11000
p26 p25.2; REAL'4 BFZACS 11005

CYCLE [ 114 1
p02 := pO5.2; [ REAL*4 VRELTR !) 11001
p26 p25.2; REAL*4 BMXACS 11006

CYCLE 3 115 ]
p02 p05.2; REAL*4 VRELTR(2) 11001
p26 p25.2; REAL*4 BMYACS 11007 ]

CYCLE [ 116 ]
p02 p05.2; [ REAL*4 VRELTR(3) 1100I
p26 p25.2; [ REAL*4 BMZACS 11008

CYCLE [1
1 7  

1
p02 p05.2; [ REAL*4 TGOTR 11002
p26 :=p25.2; L REAL*4 BMDOTA 11009]

CYCLE 118 1
p19 := p26.1; [ INTEGER*2 IACSONA 11011 3

CYCLE 3 119 1
P19 := p25.1; 3 INTEGER*2 IACSONB 11010
p00, plO p26.2; [ REAL*4 FXACS 11012

CYCLE 120
pO0 := p26.2; 3 REAL*4 FYACS 11013

CYCLE [121 1
p00 :- p26.2; [ REAL*4 FZACS 11014

CYCLE 3 122 1
plO := p26.2; 3 REAL*4 MXACS 11015

CYCLE [ 123 ]
plO := p26.2; [ REAL*4 MYACS 11016

CYCLE 3 124 1

pl := p26.2; 3 REAL*4 MZACS 11017

CYCLE [ 125 3
p00 := p26.2; 3 REA7'4 MDOTA 11018

CYCLE 3 126 3
p00, pIC := p09.2; [ REAL*4 FXVCS 11019

CYCLE 127 3
p00 := p09.2; [ REAL*4 FYVCS 11020

CYCLE 128 ]
p00 := p09.2; 3 RE..*4 FZVCS 11021

CYCLE 3 129 3
plO := p

0 9
.2; [ REAL'4 MXVCS 11022

CYCLE [ 130 ]
plO := p09.2; [ REAL*4 MYVCS 11023

CYCLE [ 131 1
plO := p09.2; 3 REAL*4 MZVCS 11024

CYCLE 132 3
pOO := p09.2; REAL*4 MDOTV 11025

CYCLE 133 ]
p01 := p13.2; REAL*4 AT(1) 12000

CYCLE 134 1
p01 := p13.2; 3 REAL*4 AT(2) 12000

CYCLE 135 3
p01 := p13.2; RCAL'4 AT(3) 1 u I

CYCLE [ 136 !
p14 := p13.4; REAL*8 RMIR(1) 12001

CYCLE 3 137 ]
p14 - p13.4; REAlT8 RMIR(2) 12001I
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CYCLE [ 138 1
p14 := p13.4; [ REAL'8 RMIR(3) 12001

CYCLE [ 139 1
pOl, p06, p21 p13.2; REAL*4 RMIR_(1) 12002 1

CYCLE [ 140 1
pOl, p06, p21 p13.2; [ REAL*4 RMIR_ (2) 12002 1

CYCLE [ 141 1
p01, p06, p

21  
p13.2; [ REAL*4 RMIR_(3) 12002 3

CYCLE [ 142 1
p'4 := p13.4; R REAL*8 VMIR(I) 12003

CYCLE 1 143 )
p14 := p13.4; REAL*8 VMIR(2) 12003 I

CYCLE 144 j
p14 := p13.4; [ REAL*8 VMIR(3) 12003 1

CYCLE [ 145 1
p01, p06, p

21  
p13.2; REAL*4 VMIR_(1) 12004 1

CYCLE 146 1

p01, p06, p
21  

:= p13.2; REAL*4 VMIR_(2) 12004 1

CYCLE 147 I
p01, p06, p

21  
p13.2; [ REAL*4 VMIR_(3) 12004 ]

CYCLE [ 148 1
p19, p21 p13.2; [ REAL*4 SP 12005 1

CYCLE 149 ]
p06, p19, p21 p13.2; f REAL'4 SQ 12006 1

CYCLE [ 150 1
p06, p19, p2 1  := p13.2; [ REAL4 SR 12007 1

CYCLE 151 ]
p01, p06, p14, p20, p21 p1

3
.2; [ REAL*4 TI2M(1 12008 1

CYCLE [ 152 1
p01, p06, p14, p20, p21 p13.2; [ REAL*4 TI2M(2) 12008 ]

CYCLE 153 1

p01, p06, p14, p20, p21 p13.2; REAL*4 TI2M(3) 12008 1

CYCLE E 154 1
p01, p06, p14, p20, p21 p1

3
.2; [ REAL*4 TI2M(4) 12008

CYCLE 1 155 ]
p01, p06, p14, p20, p21 p13.2; 1 REAL4 TI2M(5) 12008 I

ZYCIE 156 ]
p01, p06, p14, p20, p21 := p1

3
.2; A PEAL*4 TI2M(6) 12008 1

CYCLE 1 157 1 I
p0l, p06, p14, p20, p21 p13.2; I REAL*4 TI2M(7) 12008 i

CYCLE 158 1

p01, p06, p14, p20, p21 p13.2; [ REAL*4 TI2M(8) 12008 1
CYCLE 159 1

pOl, p06, p14, p20, p21 p1
3
.2; [ REAL*4 TI2M(9) 12008

CYCLE 160 1
p01, p21 p13.2; [ REAL*4 MVR 12009 1

CYCLE 161 1
p21 := p13.2; [ REAL*4 VTT(1) 12010 1

CYCLE [ 162 1 I
p21 := p13.2; 1 REAL*4 W T(2) 12010 ]

CYCLE 1 163 1
p2l := p13.2; [ REAL*4 VTT(3) 12010

CYCLE f 164 1
p21 := p14.2; [ REAL*4 URREL(1) 13000 1

I
I
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p21 := pl-;.2; REAL*4 URREL(2) 13000

CYCLE f 166

p21 -= p14.2; ( REAL*4 URREL(3) 13000

CYCLE [ 167 1
p20 := o14.2; REAL'4 RREL(1) 13001

CYCLE [ 168 ]
p20 := p14.2; REAL*4 RREL(2) 13001

CYCLE f 69 ]
p20 - p14.2; [ REAL*4 RREL(3) 13001

CYCLE 170 ]

p20 := p14.2; ( REAL*4 VREL(1) 13002

CYCLE [ 171 ]

p20 := p14.2; REAL*l VREL(2) 13002 1

CYCLE 172 ]
p20 := p14.2; [ REAL*4 VREL(3) 13002 ]

CYCLE [ 173 ]
p19 := p14.2; [ REAL*4 TGO 13003 1

CYCLE 174 ]
p21 := p14.2; [ REAL*4 MAGR 13004

c:YCLE [175 ]

p19, p21 p14.2; [ REAL*4 MAGV 13005 1

CYCLE 176
p21 := p14.2; [ REAL*4 PITERO 13006

CYCLE [ 177 1
p21 := p14.2; 1 REAL*4 YAWERO 13007 1

CYCLE [ 178
p19, p20, p21 p14.1; l INTEGER*2 ACQD 13008

CYCLE [ 179 1
p06 := p01.2; REAL*4 THTER 14000 1

CYCLE [ 180 ]
p06 := p01.2; [ REAL*4 PSIER 14001 ]

CYCLE 181 1
p00, p02, p

1 9  
p21.1; [ INTEGER*2 IDROP 15000 ]

p14 := p20.2; [ REAL*4 FRMRAT 15005 ]

CYCLE C lo2 ]
p19 p21.1; INTEGER*2 IBURND 15001 j
p14 p20.2: r REAL*4 LAMMO(1) 15006 1

CYCLE 183 1

p19 p21.1; [ INTEGER*2 IBURNM 15002
p14 p20.2; [ REAL*4 LAMMO(2) 15006 1

CYCLE [ 184 1
p19 p21.1; [ INTEGER*2 IDMEAS 15003
p14 p20.2; [ REAL*4 RRELO(1) 15008

CYCLE 185 ]
p19 p21.2; REAL*4 ADISTT(1,1) 15004
p14 p20.2; REAL*4 RRELO(2) 15008 ]

CYCLE 186 1
p19 p21.2; [ REAL*4 ADISTT(1,2) 15004
p14 p20.2; [ REAL*4 RRELO(3) 15008 1

CYCLE [ 187 1
p19 -= p21.2; [ REAL*4 ADISTT(1,3) 15004

CYCLE [ 188 1

p19 := p21.2; [ REAL*4 ADISTT(2,1) 15004

CYCLE [ 189 1
p19 := p21.2; [ REAL*4 ADISTT(2,2) 15004I

I
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CYCLE 190 ]
p19 := p21. 2; REAL*4 ALISTT(2,3) 15004

CYCLE [ 191
p19 := p21.2; [ REAL*4 ADISTT(3,1) 15004

CYCLE [ 192 1 3
p19 := p21.2; [ REAL*4 ADISTT(3,2) 15004 1

CYCLE 193 ]
pi9 := p21.2; REAL-4 ADISTr(3,3) 15004 i

CYCLE [ 194 I
p19 := p21.2; REAL*4 ADISTT(4,1) 15004

CYCLE [ 195 1
p19 := p21.2; [ REAL*4 ADrSTT(4,2) 15004 U

CYCLE [ 196 1
p19 := p21.2; [ REAL*4 ADISTT(4,3) 15004

CYCLE [ 197 j
p19 := p21.2; REAL-4 VGM(1) 15007 1

CYCLE [ 198 1
p19 := p21.2; [ REAL*4 VGM(2) 15007 ]

CYCLE f 199 )p19 := p21.2; REAL*4 VGM(3) 15007 ]

CYCLE [ 200 i

p14, p21 p20.2; ( REAL*4 SNRO 15009 1

CYCLE 201 1
p14 := p20.2; [ REAL*4 TI2MO(1) 15010
p09, p19 p21.1; [ INTEGER*2 IVCS 15011 1

CYCLE [ 202 ] I
p14 := p20.2; [ REAL*4 TI2MO(2) 15010 ]
p09 p06.2; [ REAL*4 CMMO(1) 15012 1
p01 p21.2; [ REAL*4 UVS(1) 15016 ]

CYCLE 203 I
p14 := p20.2; REAL*4 TI2MO(3) 15010
p09 p06.2; C REAL*4 CMMD(2) 15012
p01 := p21.2; C REAL*4 UVS(2) 15016 1

CYCLE 204 1 3
p14 := p20.2; 1 REAL*4 T12MO(4) 15010
p23 := p06.2; [ REAL*4 VCMD(1) 15013
p01 := p21.2; f REAL*4 UVS(3) 15016

CYCLE 205 I
p14 := p20.2; f REAL*4 TI2MO(5) 15010
p23 : p06.2; [ REAL*4 VCMD(2) 15013 1
p01 := p21.2; [ REAL*4 MVS 15017

CYCLE [ 206 ]
p14 - p20.2; [ REAL*4 TI2MO(6) 15010 ]
p23 := p06. 2 ; 1 REAL*4 VCMD(3) 15013 1

CYCLE [ 207 ]

p14 := p20.2; 1 REAL*4 TI2MO(7) 15010 |
p23 := p06.2; REAL*4 VCMD(4) 15013 1

CYCLE 208 1
p14 := p20.2; [ REAL*4 TI2MO(8) 15010
p23 := p06.1; [ INTEGER*2 IFTAB 15014

CYCLE 209 1
p14 p20.2; [ REAL*4 TI2MO(9) 15010 1
p23 p06.2; REAL*4 TFTAB 15015 j

CYCLE 210 1
p14 :- p20.2; REAL*4 VRELO(1) 15018

CYCLE 1 211 1
p14 := p20.2; [ REAL14 VRELO(2) 15018 i

CYCLE [ 212 1
p14 := p20.2: 1 REAL*4 VRELO(3) 15018 I

I
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CYCLE 213 ]
p19 = p14.2; [ REAL*4 TGIL 16000

CYCLE 214 1
p19 := p14.2; REAL*4 PITER 16001

CYCLE [ 215 1
p19 := p14.2; REAL*4 YAWER 16002 ]

CYCLE [216 ]
p19 := p14.4; [ REAL*8 LAMD(1) 16003 ]

CYCLE [ 217 1
p19 := p14.4; REAL*8 LAMD(2) 16003 1

CYCLF [ 218 1
p19 := p14.2; 1 REAL*4 TRMTGO 16004

CYCLE [ 219 1
p19 := p14.2; [ REAL*4 TGE1 16005 ]

CYCLE [ 220 1
p19 := p14.2; [ REAL*4 TGE2AL 16006

I CYCLE [221 ]

p19 := p14.1; INTEGER*2 IBURNI 16007 ]

CYCLE [ 222 ]
p21 := p14.1; [ INTEGER*2 ESTATE 16008 1

CYCLE [ 223 1
p19 := p21.2; [ REAL*4 ROLLER 16009

CYCLE [ 224 1
p26, p25 p19.2; [ REAL*4 ACSLEV 17000

CYCLE 225 ]
p26, p25 p19.1; [ INTEGER*2 ITHRES 17001

CYCLE [ 226 ]
p09 := p19.2; [ REAL*4 DTOFFV(1) 17002

CYCLE 227 1
p09 := p19.2; [ REAL*4 DTOFFV(2) 17002

p09 := p19.2; [REAL*4 DTOFFV(3) 17002]
CYCLE [ 228 p09 :=p192; [ REAL*4 TOFFV(4) 17002]

CYCLE 1229
p09 :=p19.2; REAL*4 OTOFFV(4) 17002

CYCLE [230 ]
p0CC := p19.1; INTEGER*2 IVTAB 1'003

CYCLE 231 ]
p09 := p19.2; REAL*4 TBURNM 17004 1

CYCLE [ 232 ]
p09 := p19.2; [ REAL*4 TIMONV 17005 I

I CYCLE [ 233 ]

p09 := p19.2; [ REAL*4 TOFFLT(1) 17006

CYCLE [ 234 1
p09 := p19.2; [ REAL*4 TOFFLT(2) 17006

CYCLE f 235 1
p09 := p19.2; [ REAL*4 TOFFLT(3) 17006

CYCLE [ 236 ]
p09 := p19.2; REAL*4 TOFFLT(4) 1'006 1

CYCLE [ 237 1
p09 := p

19
.
2
; I REAL*4 TVTAB 17007 ]

CYCLE [ 238 ;

p26 := p19.2; r REAL*4 DTACSA(1) 17008

CYCLE 1 239 1

p26 p19.2; [ REAL*4 DTACSA(2) 17008 1

I
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CYCLE 240 ] 1
p26 := p19.2; [ REAL*4 DTACSA(3) 170onl

CYCLE [ 241 1
p26 := p19.2; [ REAL*4 DTACSA(4) 17008

CYCLE [ 242 1
p25 := p19.2; [ REAL*4 DTACSB(1) 17009

CYCLE [ 243 1
p25 := p19.2; [ REAL*4 DTACSB(2) 17009 I

CYCLE [ 244 1
p25 := p19.2; [ REAL*4 DTACSBj3) 17009 j

p25 := p19.2; REAL*4 DTACSB(4) 17009 1

CYCLE 246 1
p26, p

2 5  
:= p19.2; [ REAL*4 TATAB 17010 1

CYCLE [ 247 ]
p21 := p19.1; ( INTEGER*2 MIDBRN 17011 1

CYCLE [ 248 1
p21 := p19.1; f INTEGER*2 ICMD 17012 U

CYCLE [ 249 1
p21 := p19.1; [ INTEGER*2 IDIST 17013

CYCLE [ 250 1 I
p00, p01, p04, p05, pO6, p08, p09, p10, p26, p12, p13, p14, p15, p25, p19, p20, p21, p

2 3

p02.1; C INTEGER*2 IEXIT 17014 ]

p00 = uublk00.for, S = 45, R = 25, 70 j
p01 = uublk0l.for, S = 2, R = 24, 26 I
p02 = uublk02.for, S = 1, R = 12, 13 1
p04 - uublkO3.for, S = 3, R = 13, 16 1
p05 = uublk04.for, S = 21, R = 27, 48 j
p06 = uublk05.for, S = 8, R = 26, 34 1
p08 = uublk06.for, S = 14, R = 19, 33 j
p09 = uublk07.for, S = 14, R = 29, 43 1
plO - uublk08.for, S = 10, R = 37, 47

p26 = uublk09.for, S = 8, R = 18, 26
p12 = uublkl0.for, S = 3, R = 2, 5
p13 - uublkll.for, S = 31, R = 40, 71 ]
p14 - uublkl2.for, S = 25, R = 47, 72 I
p15 = uublkl3.for, S = 8, R = 10, 18

p25 - uublkl4.for, S = 8, R = 11, 19
I p19 = uublkl5.for, S = 26, R = 43, 69 j
p20 = uublkl6.for, S = 19, R = 20, 39 j
p21 = uublkl7.for, S = 25, R = 37, 62 ]
p23 = uublkl7.for, S = 15, H = 12, 27

FILE: uuv22.19g/debug/priority.txt 3
XD
YD
ZD
x
Y
z
P I
R
QUAT
MA.
CIM

UD
PD

QD
WD

R DGR
#I
XYZE
XYZED I

I
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CER
E ISP
CG
lXX
IY
IZZ
BFXACS
BFYACS
BF ZAC S
BMXACS
BMYACS
BMZ AC S
BMDOTA
IACSONB
IACSONA
FXACS
FYACS
F ZAC S
MXACS
MYACS
MZACS
MDOTA

ALT
GRT
VTIC
iT IC

FXT
FYT
FZT
MXT
MYT
MZT
MDOTT

PULSEG
PRESS
RRELTR
RHO
VSND
FRCX
MAGRTR
FRCY
VRELTR
FRCZ
MRCX
MRCY
LAMDXX
MRC Z
MDOTF
LAMSEX<
TGOTR
FXVCS
FYVCS
F ZVC S
MXVCS
MYVCS
mzvCS
FXA
MDOTV
FYA
F ZA
MXA
MYA
MZA
MAC H
QA

VRW
VRWM

AT
RMIR
VMI R
s;7
SQ
SR
T12M

KVR
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VTT

PS IERU

IDROP
IBURND

IBUJRNM

AD ISTT
IEXIT
IGO
MAGV TGII
ROLLERI
YAWER
LA!10
TRMTGO
TGE 1
TGE2ALI
IBURNI
ACQD
UVs
MVS

CMMD
VCMD
IFTAB
TFTAB

ACSLEV

DTOFFV
IVTAB
TB URNM

TI MONVI

TVTAB
DTACSA
DTACSB

TATABI
MI OBRr

IDIST

FILE: uuv22.19g/debug/process.txtI

p00 ssblk00.bl <null> ssblk00.out
p01 ssblk~l.bl <null> ssblk0l.outI
pO2 ssblk02.bl uuexosim.txt ssblk02.out
p04 ssblk03.bl <null> ssblkO3.out
p05 ssblkO4.bl <null> ssblkO4.out
p06 ssblkOS.bl <null> ssblkO5.out
p08 ssblk06.bl <null> ssblkO6.out
p09 ssblk07.bl <null> ssblkO7.outI
plO ssblk08.bl <null> ssblk08.out
p26 ssblk09.bl <null> ssblk09.out
p12 ssblklO.bl <null> ssblkl0.out
p13 ssblkll.bl <null> ssblkll.out
p14 ssblkl2.bl <null> ssblkl2.outI
p15 ssblkl3.bl <null> ssblkl3.out
p25 ssblkl4.bl <null> ssblkl4.out
p19 ssblkl5.bl <null> ssblkl5.out
p
2
0 ssblkl6.bl <null> ssblkl6.out

p21 ssblkl7.bl <null> ssblkl7.outI
p23 ssblkl8.bl <null> s 'blkl8.out
sequencer sequencer.bl <null> <null>
crossbar crossbar.bl <null> <null>

FILE: uuv22.199/debug/uublk00. for

PROGRAM BL((00

IMPLICIT DOUBLE PRECISION (A-H)
IMPLICIT DOUBLE PRECISION (O-Z)
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REAL CEI(9)
REAL CG(3)
DOUBLE PRECISION CIE(9)
REAL CIM(9)
DOUBLE PRECISION DELT
DOUBLE PRECISION DTEPS
DOUBLE PRECISION DTR
REAL EISP
REAL FRCX
REAL FRCY
REAL FRCZ
DOUBLE PRECISION FX
REAL FXA
REAL FXACS
REAL FXT
REAL FXVCS
DOUBLE PRECISION FY
REAL FYA
REAL FYACS
REAL FYT
REAL FYVCS
DOUBLE PRECISION FZ
REAL FZA
REAL FZACS
REAL FZT
REAL FZVCS
DOUBLE PRECISION GB(3)
DOUBLE PRECISION GR(3)
INTEGER IDROP
INTEGER IEXIT
INTEGER IMASS
DOUBLE PRECISION IMPLSO
DOUBLE PRECISION IMPULS
REAL IXX
REAL IYY
REAL IZZ
DOUBLE PRECISION LATLP
DOUBLE PRECISION LONGLP
nnUSLE PRECISION MASS
DOUBLE PRECISION MASSO
REAL MASS
DOUBLE PRECISION MDOT
REAL MDOTA
REAL MDOTF
REAL MDOTT
REAL MDOTV
DOUBLE PRECISION MGR
DOUBLE PRECISION MSSTG2
DOUBLE PRECISION MXYZDD
DOUBLE PRECISION PHI
DOUBLE PRECISION PHIICD
DOUBLE PRECISION PSI
DOUBLE PRECISION PSIICD
REAL QUAT(4)
DOUBLE PRECISION T
DOUBLE PRECISION TBRK
DOUBLE PRECISION TDROP
DOUBLE PRECISION TEMPASS
DOUBLE PRECISION THT
DOUBLE PRECISION THTICD
DOUBLE PRECISION TSTEP
DOUBLE PRECISION TSTG1
DOUBLE PRECISION TSTG2
DOUBLE PRECISION U
DOUBLE PRECISION UD
DOUBLE PRECISION V
DOUBLE PRECISION VD
DOUBLE PRECISION W
DOUBLE PRECISION WBANF
DOUBLE PRECISION WD
DOUBLE PRECISION WDOTFR
DOUBLE PRECISION WDOTKV
DOUBLE PRECISION WDOTTI
DOUBLE PRECISION WDOTTP
DOUBLE PRECISION WEIGHT
DOUBLE PRECISION WKV
DOUBLE PRECISION WKVO
DOUBLE PRECISION WPFRAC
DOUBLE PRECISION WPFRC0
DOUBLE PRECISION WPROP
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DOUBLE PRECISION WPROPI
DOUBLE PRECISION WPROP2
DOUBLE PRECISION X
DOUBLE PRECISION XD
DOUBLE PRECISION XDD

REAL XD
DOUBLE PRECISION XMTOF
DOUBLE PRECISION XYZE(3)

DOUBLE PRECISION XYZED(3)
DOUBLE PRECISION XYZEDD(3)
REAL XYZE_ (3)
REAL X_
DOUBLE PRECISION Y
DOUBLE PRECISION YD
DOUBLE PRECISION YDD
REAL YD_ i
REAL YP
DOUBLE PRECISION Z
DOUBLE PRECISION ZD

DOUBLE PRECISION ZDD
REAL ZD_ iREAL Z_

$INCLUDE('
^
/INCLUDE/SSBL

K
O
0
.DAT )

*LOOP* PROLOGUE

* INITIALIZE 80x87
CATL CW87

initialization of variables not computed until end of blkO
UD =D00 I
VD = 0.0
WD = 0.0
GR(2) = 0.0
GR(2) = 0.0
GR(3) = 0.0 I

C ---------------------------------------------------------------------- C
C ----------------------------- MISSILE STATE INITIALIZATION MODULE -- C
C ------------------------------------------------------------------------ C
C Initialize integrated missile states C
C C

C ---------------------------------------------------------------------- C

C MISSILE MASS PROPERTIES

MASS = MASSO
IMPULS = IMPLSO
WPFRAC = WPFRCO
WKV = WKVO
WPROP = WPROP1

C COORDINATE TRANSFORMATION MATRICES

CALL MMK(SNGL(-90.0*DTR),l,SNGL(LATLP*DTR),2,
SNGL(LONGLP*DTR),3,CEI)

CIE(l) = CEI(l)
CIE(2) = CEI(4)
CIE(3) = CEI(7)
CIE(4) = CEI(2) I
CIE(5) = CEI(5)
CIE(6) = CEI(8)
CIE(7) = CEI(3)
CIE(8) = CEI(6)
CIE(9) = CEI(9) I

C COMPUTE MISSILE STATES -N INERTIAL FRAME

X = XYZE(1)*CEI(l) + XYZE(2)*CEI(4) + XYZE(3)*CEI(7)
Y - XYZE(1)*CEI(2) + XYZE(2)*CEI(5) + XYZE(3)*CEI(8) i
Z = XYZE(1)*CEI(3) + XYZE(2)*CEI(6) + XYZE(3)*CEI(9)

XD - XYZED(1)*CEI(l) + XYZED(2)*CEI(4) + XYZED(3)*CEI(7)
YD = XYZED(1)*CEI(2) + XYZED(2)*CEI(5) XYZED(3),CEI(8)
ZD = XYZED(1)*CEI(3) + XYZED(2)*CE:(6) + XYZED(3)*CEI(9)

XDD = XYZEDD(1)*CEI(1) , XYZEDD(2)*CEI(4) + XYZEDD(3)*CEM(
7
)

YDD = XYZEDD(1)*CEI(2) + XYZDD(2)*CEI(5) * XYZEDD(3)*CEI(8) I
l
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ZDO = XYZEDD(l)*CEI(3) +XYZEDD(2)*CE>-6) +XYZEDD(3)*CE:(9)

C INITIAL MISSILE EULER ANGLES IN RADIANS

PH-I = PHIICD*DTR
THT = THTICD*DTR
PSI = PSIICD*DTR

C COMPUTE INERTIAL TO MISSILE TRANSFORMATION MATRIX

CALL MMK(SNGL(PHI),l,SNGL)THT),2,SNGL(PSI),3,CIM)

C INITIALIZE MISSILE TRUTH STATES

CALL INTEGI (MASS ,MOOT *T 1
CALL INTEGI (WPROF ,WDOTTP ,T ,2

CALL INTEGI (IMPULS ,WDOTT: T ,3
CALL INTEGI (WPFRAC *WDOTFR *T ,4

CALL INTEGI IWKV *WDOTKV T 5
CALL INTEGI (XD ,XDD ,T, 6)
CALL INTEGI IYD ,YDD ,T 7)
CALL INTEGI IZD ,ZOO T *8
CALL INTEGI(X ,XD ,T 9)
CALL INTEGI (Y ,YD ,T 10
CALL INTEGI Z ,ZD ,T 11)

C----------------------------------------------------------------------------- C
C-------------------------------- MAIN EXECUTION LOOP---------------------- C
C----------------------------------------------------------------------------- C
C Execution of all events is performed C
C within this loop C
C C
C----------------------------------------------------------------------------- C

1000 CONTINUE
*LOOP* START

C----------------------------------------------------------------------------- C
C------------------------------ MISSILE STATE UPDATE MODULE----------------- C
C----------------------------------------------------------------------------- C
C Integrate missile States to current time C
C C
C----------------------------------------------------------------------------- C

"tmsudriv is no longer needed -- IF/ENDIF and assignment deleted

" The extrapolated states have been deleted. There should be no need
" to look into the future.
"Note that the states which follow have all been initialized, and each
"is integrated at the end of the timestep.

XD = SNGL(XD)
YD = SNGL(YD)
ZO_ = SNGL(ZD)
X = SNGL(X)
Y = SNGL(Y)
Z = SNGL(Z)
MASS_ = SNGL (MASS)

CALL SEND REAL 64BIT( XD
CALL SEND REAL 32BIT( XD_
CALL SEND REAL 64BIT( YD)
CALL SEND REAL 32BIT( YD
CALL SEND REAL 64BIT( ZO)
CALL SEND REAL 32BIT( ZO_
CALL SEND REAL 64BIT( X
CALL SEND REAL 32BIT( X
CALL SEND REAL 64BIT( Y)
CALL SEND REAL 32B1T( Y_
CALL SEND REAL 64BIT( Z
CALL SEND REAL 32H1T( Z
CALL RECEIVE REAL 32B1T( QUAT(1)
CALL RECEIVE REAL 32BIT( QUAT(2)
CALL RECEIVE REAL 32BIT( QUAT(3)
CALL RECEIVE REAL 32B1T( QUAT(4)

M ASS is much like the other state variables above in that it shouLd
.have a very close value at this point in the code. Other part It!ons
will be notified one timestep later, however, about staging.

CALL SENDREAL_64BIT( MASS
CALL SEND REAL 32BIT( MASS
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. initialization of these variables was added so that -.hey could be
.sent early.

CALL SEND REAL 32B1T( CIM(l)
CALL SENDREAL 32BIT( CIM(2)
CALL SENDREAL 32BIT( CIM(3)
CALL SEND REAL 32BIT( CIM(4)I
CALL SENDREAL 32BIT( CIM(5)
CALL SENDREAL 32BIT( CIM(6)
CALL SEND_REAL_32B1T( CIM(7)

CALL SEND REAL 32BIT( CIM(8)
CALL SEND REAL 32BIT( CIM(9)I
CALL SEND REAL 64BIT( UD
CALL SEND REAL 64BIT( VD
CALL SEND REAL 64BIT( WD
CALL SEND REAL 64BIT( GR(l)
CALL SEND REAL 64BIT( GR(2)I
CALL SENDREAL_64B1T( GR(3)

C TRANSFORM INERTIAL POSITION, VELOCITY AND ACCELERATION
C TO EARTH FRAME

XYZE(1) = CIE(l)*X + CIE(4)*Y +- CIE(7)-Z
XYZE(2) =CIE(2)*X + CIE(5)*Y + CIE-(8)*Z
XYZE(3) = CIE(3)*X + CIE(6)*Y + CIE(9)*Z

XYZE (1 = SNGL(XYZE(1))
XYZE (2) = SNGL(XYZE (2))I
XYZE_ (3) = SNGL(XYZE(3))

CALL SEND REAL 64BIT( XYZE(l)
CALL SEND REAL 64BIT( XYZE(2)
CALL SEND REAL 64BIT( XYZE(3)I
CALL SEND REAL 3281T) XYZE_ (1)

CALL SEND REAL 32BIT( XYZE_ (2)
CALL SENDREAL_32BIT( XYZE_ (3)

XYZED(l) = CIE(l)*XD + CIE(4)*YD +CIE(7)*ZDI
XYZED(2) - CIE(2)*XD + CIE(5)*YD + CIE)8)*ZD
XYZED(3) = CIE(3)*XD + CIE(6)*YD + CIE(9)-ZD

CALL SENDREAL 64BIT( XYZED(l)
CALL SEND REAL 64B1T( XYZED(2)I
CALL SENDREAL_64B1T( XYZED(3)

C----------------------------------------------------------------------------- C
C-------------------------------MKASS PROPERTIES MODULE-------------------- CI
C----------------------------------------------------------------------------- C

CUpdate mass flow rate, cg and inertia C
C
C-----------------------------------------------------------------------------C

CALL MASSPR (T, MDOTT, MOOT', MDOTA, MDOTV, MASS, EISP, TBRK, IMASS,
MDOT,WEIGHT,WDOTTP,WDOTFR,WDOTKV,WDOTTI,CG, lXX,
IYYIZZ) CALL END EAL 2BIT EII

CALL SEND REAL 32BIT( EISP)
CALL SEND REAL 32BIT( CG(l)
CALL SENDREAL_32B1T( CG(2)
CALL SEND REAL 32BIT( CG(3
CALL SEND REAL 32B1TT IXX
CALL SENDREAL_32BIT( IZZ

" moved up here, since MISSIL doesn't generate these derivs (it needs
" the old MASS value, which is saved)

TEMPMASS = MASSI
CALL INTEG(MASS ,MDOT ,T I)
CALL INTEG (WPROP ,WDOTTP ,T ,2

CALL INTEG (IMPULS ,WDOTTI ,T ,3

CALL INTEG (WPFRAC ,WDOTFR ,T ,4

CALL INTEG (WKV ,WDOTKV ,T 5

Cfrom BTHRST
CALL RECEIVE REAL_ 32BIT( FXT
CALL RECEIVE REAL_32B1T( FYT
CALL RECEIVE REAL_32B1T( FZTI
CALL RECErVEREAL 32B11'( MDCII

C from FRCTHR
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CALL RECEIVE REAL 328IT( FRCX
CALL RECEIVE REAL 32B11) FRCY
CALL RECEIVE REAL 32BIT( E>RCZ
CALL RECEIVEREAL_32BIT( MDOTF

C from AERO
CALL RECEIVEREAL_3

2
31T( FXA

CALL RECEIVE REAL 32B1T( FYA
CALL RECEIVE_REAL_32B1T( FZA

C from ACSTHR
CALL RECEIVEREAL -32BIT( FXACS
CALL RECEIVEREAL -32BIT( FYACS
CALL RECEIVE REAL, 32BIT( FZACS
CALL RECEIVF_REAL_32B1T( MDOTA

C from VCSTHR
CALL RECEIVEREAL -32BIT( FXVCS
CALL RECEIVEREAL -32BIT( 7YVCS
CALL RECEIVE REAL 32B11) FZVCS
CALL RECEIVE_REAL_32B:T( MDOTV

C----------------------------------------------------------------------------- C
C-------------------------------- VEHICLE STATES MODULE---------- ---------- C
C----------------------------------------------------------------------------- C
C Compute missile state derivatives C
C C
C - ------------------------------------------------------------------- C

CALL MISSLT CT, QUAT, CIM, TEMPMASS, EXA, EXT,
* FRCX,FXACS,FXVCS,FYA,FYT,FRCY,FYACS,FYVCS,FZA,
* FZT,FRCZ,FZACS,FZVC-S,
* ~X,Y, Z, XD,YD,ZD, UD, VO, W,
* GB,GR,MGR,FX,FY,FZ,XDL,YDL,LDD,MXYZDD,
* ~U,V,W,P)-U,THT,PSI)

-- ------------------------------------------------------------------- C
C MISSILE STATE !NTEGRATION MODULE C
C - ------------------------------------------------------------------- C
C Revise missile states using derivatives C
C 3ust computed . Missile states must not C
C be integrated if a table lookup index C
C transition has occurred since the last C
C integration step . The next integration C
C step should be rescheduled to coincide C-
C with the earliest detected table lookup C
C index transition instead .O'-herwise C
C schedule the next integration step to C

occur at the default step sizeC
C C

C-----------------------------------------------------------------------------

TRAPEZOIDAL 'NTEGRACINFRSMLCT

CALL :NTEG CXD XDD ,C,6

CALL INTEG C YD ,YDD T*7
CALL INTEG CZD ZDO T ,8
CALL INTEG CX XD ,T, 9)
CALL INTEG CY ,YD ,T *10

CALL 1NTEG 2 ZD ,T , 1

C-----------------------------------------------------------------------------
C ------------------------ SEPARATION MODULE----------- -------------C
C-----------------------------------------------------------------------------C

C Mod,-ls discont'rnuites occurirg d> r:ng C
stage separation

C

-FIRST STAGE SEPARATION

IF ( DABS (C-CSTGT). ,LC.D7FPS C THE-N
MASS -MSSCD2

WPROP -WPPC-P2

!MASS I

C REINICIAL.ZE PERTINENT :NCEGRALs
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CALL INTEGI ( MASS , 0.0D0 T I
CALL INTEGI ( WPROP 0.000 , , 2
CALL INTEGI ( IMPULS , 0.000 , , 3
CALL INTEGI WKV 0.000 T T 5

ENDIF

SECOND STAGE SEPARATTON

IF ( DABS(T-TST 2).LE.DTEPS ) THEN
MASS = WKV / XMTOF
WPROP = 0.0
IMPULS = 0.0
IA-ASS = 1,

REINITIALIZE PERTINENT INTEGRALS

CALL :NTECI ( MAST, 0.000 , T 1 i
CALL :NTEGI ( WPRuP ,0.0D0 , , 2
CALL INTEGI ( IMPULS 0.00 T , 3
CALL INTEGI ( WKV , 0.0D0 T 5

ENDIF

NOSE FAIRING / BOOST ADAPTER SEPARATION

IF ( IDROP.EQ.1 .OR. (DABS(T-TDROP).LE.DTEPS) ) THEN
WIKV = WKV - WBANF
MASS = WKV/XMTOF I
REINITIALIZE PERTINENT INTEGRALS

CALL INTEGI ( MASS ,0.0D0 T , I
CALL INTEGI ( WPROP , 0.0DO T 2 I
CALL INTEGI I IMPULS 0.0D0 T 3
,-ALL INTEGI I WXV 0.DD0 , T 5

-NL)IF

rALL RECEIVESIGNED_ 6BIT( IDROP )

C ----------------------------------------------------------------------- C
C ----------------------------- TERMINATION LOGIC C----------------------C
C - --------------------------------------------------------------------- C
C !fires the simulation termination C
C onditions CC C
C ------------------------------------------------------------------- C

increment tlme i
TSTEP = TSTEP 1.0D0

= TSTEP * DELT

C CO'NTINUE LOOPING UNTIL ONE OR MOPE EXIT CONDITIONS HAVE BEEN MET

CALL, RECEIVE SIGNED 16BIT( IEXIT

Lt P* STOP
IF ( IEXIT.EQ.0 ) GO TO 1000

*LOOP* EPILOGUE

END

FILE: uuv22.19q/debug/uublkOl.for I
PROGPAM BLKCI

IMPLICIT REAL (A-H)
-MPLICIT REAL (O-Z)

REAL AC(13)
REAL AT(3)
REAL DELT
REAL DT
REAL DTBGU i

i
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REAL DTR
REAL GMU
REAL GREST(3)
INTEGER IEXIT
INTEGER IMINSF
REAL KA
REAL KV
REAL MVR
REAL MVS
REAL PG(3)
REAL PGO(3)
REAL PGD(3)
REAL PM(3)
REAL PSI
REAL PSIER
REAL PSIICD
REAL PSIPG
REAL RADE
REAL RMIR (3)
REAL SPSI
REAL STHT
REAL T
REAL T5
REAL TFRCS
REAL TGCALL
REAL TGPUDRIV

REAL TGPUSTEP
REAL THT
REAL THTER
REAL THTICD
REAL THTPG
REAL TI2M(9)
REAL TIMTMP
REAL TLGPU
REAL TMPI
REAL TMP2
REAL TMP3
REAL TMP4
REAL TMP5
REAL TSTCAL
REAL TSTEP

REAL TSTG2
REAL US(3)
REAL USO(3)
REAL USOD
REAL USD(3)
REAL USF(3)
REAL USFD
REAL USI(3)

REAL UVS(3)
REAL VELWQ
REAL VELWD

REAL VELWST
REAL VFRCS
REAL VGEMS
REAL VMIR (3)
REAL VRATIO

REAL VW(3)
REAL VWD(3)
REAL VWIC(3)
REAL WASTAN
REAL WC(3)

$INCLUDE('^/INCLUDE/SSBLKC1.DAT'

3 LOOP* PROLOGUE

INITIALIZE 80x8
7

CALL CW87

S....................................................................... 
C

C ----------------------------- MISSILE STATE INITIALIZATION MODULE ---- C

---------------------------------------------------------------------------------------- C

C Initialize integrated missile states C

C 
C

C ...................................................................... 
C

C INITIAL MISSILE EULER ANGLES IN RADIANS

I
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THT = THTICD*DTR
PSI = PSIICD*DTR

C ESTIMATED MISSILE EULER ANGLES AND BODY RATES

STHT = THT
SPSI = PSI

C INITIALIZE NAVIGATION INTEGRATED PARAMETERS

VELWST = VELW0
VW(1) = VWIC(l)
VW(2) = VWIC(2)
VW(3) = VWIC(3)

C INITIAL UNIT STEERING VECTOR 3
USO(1) = COS(SPSI)*COS(USODIDTR)
US0(2) - SIN(SPSI)*COS(USOD'DTR)
USO(3) - -SIN(USOD*DTR)

C FINAL UNIT STEERING VECTOR

USF(1) = COS(SPSI)*COS(USFD*DTR)
USF(2) - SIN(SPSI)*COS(USFD*DTR)
USF(3) - -SIN(USFD*DTR) i

C INTERMEDIATE UNIT STEERING VECTOR ( AT FRACS INITIATION
C ESTIMATE DELTA FLTGHT PATH ANGLE DURING MINS PORTION OF
C FRACS DUE TO GRAVITY

TIMTMP T5 U
USI(I) = USF(1)
USI(2) = USF(2)
USI(3) = USF(3)
GREST(l) = - GMU/RAE**2
GREST(2) = 0.0
GREST(3) = 0.0

5 CONTINUE
TMP1 = GREST(2)*USI(3) - GREC'T(3)*USI(2)
TMP2 = GREST(3)*USI(1) - GREST(1)*USI(3)
TMP3 = GREST(3)*USI(2) - GREST(2)*USI(3) I
TMP4 = ( TIMTMP - TFRCS )/( T5 - TFRCS

TMP5 = VFRCS + TMP4*( VGEMS - VFRCS )
USD(1) = C USI(2)*TMP3 - USI(3)*TMP2 )/TMP5
USD(2) = ( USI(3)*TMP1 - USI(1)*TMP3 )/TMP5
USD(3) = C USI(1)*TMP2 - USI(2)*TMP1 )/TMP5 I
TIMTMP - TIMTMP - DTBGU
USI(1) = USI(1) - DTBGU'USD(1)
USI(2) = USI(2) - DTBGU*USD(2)
USI(3) = USI(3) - DTBGU*USD(3)
TMPI = SQRT ( USI(1)**2 + USI(2)**2 + USI(3)**2 i
USI(1) = USI(1)/TMP1
USI(2) = USI(2)/TMPl
USI(3) = USI(3)/TMPl

IF ( TIMTMP.GT.TFRCS ) GO TO 5

C INITIALIZE GUIDANCE INTEGRATED PARAMETERS

PGO(1) COS(SPSI)*COS(STHT)
PGO(2) SIN(SPSI)*COS(STHT)
PGO(3) = -SIN(STHT) i
US(l) = USO (l)
US(2) = USO (2)
US(3) = USO(3)
PG(1) = PGO (l)
PG(2) = PGO(2)
PG(3) PGO(3)

C----------------------------------------------------------------------------- C
C ----------------------------- MAIN EXECUTION LOOP i--------------------C

C ----------------------------------------------------------------------- C
C Execution of all events is performed C
C within this loop C
C C

C------------------------------------------------------------------------C
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1000 CONTINUE
*LOOP .START

IC ON BOARD GUIDANCE PROCESSING C
C---------------------------------------------------------- C

CDetermine guidance commands C

IF ( TSTEP .GE. TGPUDRIV ) THEN

I * TGPUDRIV = TGPUDRIV + TGPUSTEP
C GET TIME S INCE LAST GUIDANCE PROCESSOR UPDATE

C DT =T- TLGPU
TLGPU = TIDT = TGPUSTEP *DELT

C INTEGRATE GUIDANCE STATES FROM LAST PASS THROUGH

US(1) = US(1 + DT*USD(1)
US(2) = US(2) + DT*USD(2)
US(3) = US(3) + DT*USD(3)

VEL(JST = VELWST + DT*VELWD

PG(1) = PG(1) + DT*PGD (1)

PG(2) = PG(2) + DT*PGD (2)
PG(3) = PG(3) + DT*PGD(3)

V W(l) = VW(1) + DT*VWD(l)
VW(2) = VW(2) + DT*VWD(2)
VW(3) = VW(3) + DT*VWD(3)

C NORMALIZE UNIT STEERING VECTOR

DTMP1 = SORT (US(l)**2 + US(2)**2 + US(3)**2ISl Sl TP
US(2) = US(2) /DTMP1
US(3) = US(2) /DTMP1

IC NORMALIZE UNIT POINTING VECTOR
DTMPI = SORT (PG()2 + PG(2)**2 + PG(3)**2
PG(l) = PG(1) /DTMP1
PG(2) = PG(2) /DTMPI
PG(3) = PG(3) /DTMP1IC DETERMINE COMMANDED BODY ANGLES FOR OUTPUT COMPARISON

THTPG = - ASIN (PG(3))
PSfl-G = ATAN2 (PG(2) , PG(l)I ENDIF

CALL RECEIVEREAL_3281T( AT(l)

CALL RECEIVEREAL 32BIT( AT(2)

CALL RECEIVEREAL 32BIT( AT(3)
CALL RECEIVEREAL 32BIT( RMIR_(1)
CALL RECEIVE REAL 32BIT( RMIR -(2)
CALL RECEIVEREAL 32SIT( RMIR (3)

CAL-L RECEIVE REAL 32BIT( VMIR -(1)ICALL RECEIVEREAL_32BIT( VMIR (2)
CALL RECEIVEREAL 32BIT( VMIR (3)
CALL RECEIVEREAL 32BIT( T12M(l)
CALL RECEIVF_REAL_32BIT( T12M(2)
CALL RECEIVEREAL 32BIT( T12M(3)
CAL _EEV-EL3BT T1M4
CALL RECEIVEREAL 32BIT( TI2M(4)
CALL RECEIVE REAL 32BIT( T12M(6)
CALL RECEIVE REAL -32BIT( T12M(7)
CALL RECEIVE REAL_-3231T( T12M(8)
CALL RECEIVEREAL 32BTT( T12M(9)

CALL RECEIVEREAL_32B1T( MVR)

C----------------------------------------------------------------------------- C

CI-------------------- BOOST STEER:NG MODULE-------------------- C
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C Calculates the unit steering and C

C acceleration direction vector for boost C
C phase steering C
C C
C ---------------------------------------------------------------------- C

IF ( TSTEP .GE. TGPUDRIV ) THEN

TGPUDRIV = TGPUDRIV + TGPUSTEP

IF ( T.GE.TSTCAL .AND. T.LT.TSTG2 ) THEN

CALL BSTEER(T,USI,USF,.UVSMVS,MVR,AT,RMIR_,VMIR,USUSD,
AC,WASTAN,VRATIO,VELWD) 5

C ---------------------------------------------------------------------- C
C ----------------------------- BOOST GUIDANCE MODULE C------------------C
C ------------------------------------------------------------------------- 1
C This code calculates the error between C
C the commanded pointing vector and the C
C actual direction in whic- .ne intercep- C
C tor is pointing. This error signal is C
C then sent to t "- autopilot. C
C C

C---------------------------------------------- ------------------------------- C

CALL BGUID(T.AT,AC,TI2M,PG, IMINSF,VW,PGD,VWD,WC,PSIER,
THTER, PM, KA,KV)

C SC:ULDULE TIME FOR NEXT BOOST STEERING/!UIDANCE CALL

DTMP1 = DTBGU * ANINT ( (T+DTBGU) / DTBGU
TSTCAL = DTMP1
TGCALL = DTMPI I

ENDIF

C ZERO BOOST STEERING/GUIDANCE DERIVATIVES AFTER SECOND STAGE
C SEPARATION

IF ( T.GE.TSTG2 ) THEN
USD(1) = 0.0
USD(2) = 0.0
USD(3) = 0.0
PGD(1) = 0.0
PGD(2) = 0.0
PGD(3) = 0.0
VWD(1) = 0.0
VWD(2) = 0.0
VWD(3) = 0.0

ENOIF
ENDIF1

CALL SEND REAL 32BIT( THTER I
CALL SEND-REAL-32BIT( PSIER
CALL RECEIVE REAL_32BIT( UVS(l)
CALL RECEIVE REAL_32BIT( UVS(2)
CALL RECEIVE REAL_32BIT( UVS(3)
CALL RECEIVEREAL_32BIT( MVS )

C ---------------------------------------------------------------------- C
C ----------------------------- TERMINATION LOGIC C----------------------C
C ---------------------------------------------------------------------- C
C Defines the simulation termination C IC conditions C
C C
C ---------------------------------------------------------------------- C

C increment time 3
TSTEP = TSTEP + 1.0
T = TSTEP * DELT

C CONTINUE LOOPING UNTIL ONE OR MORE EXIT CONDITIONS HAVE BEEN MET 1
CALL RECEIVESIGNED 16BIT( IEXIT

*LOOP* STOP I
I
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IF ( IEXIT.EQ.0 ) GO TO 1000

*LOOP* EPILOGUE

END

FILE: uuv22.19g/debug/uublk02.for

PROGRAM BLK02

IMPLICIT REAL (A-H)
IMPLICIT REAL (O-Z)

$INCLUDE( :PFP:INCLUDE/TARGET.FORI)

REAL ALT
REAL DELT
REAL DTEPS
REAL DTPRT
INTEGER I
INTEGER IDROP
INTEGER IEXIT
INTEGER MESSAGE-SIZE
INTEGER MESSAGE_TYPE
REAL MISS
INTEGER NUMBEROUTPUT
REAL OUTPUT(5, 0:149)
REAL RRELTR(3)
REAL T
REAL TOROP
REAL TFINAL
REAL TGOMN
REAL TGOTR
REAL TSTEP
REAL TSTG1
REAL TSTG2
REAL VRELTR (3)
REAL X_
REAL Y_
REAL Z_

SINCLUDE('^/INCLUDE/SSBLX02.DAT')

*LOOP* PROLOGUE

*INITIALIZE 80x8
7

CALL CW87

CALL INPUTMESSAGE) MESSAGETYPE, TFINAL, MESSAGE_SIZE

C----------------------------------------------------------------------------- C
C-------------------------------- MAIN EXECUTION LOOP---------------------- C
C----------------------------------------------------------------------------- C
C Execution of all events is performed C
C within this loop C
C C
C----------------------------------------------------------------------------- C

1000 CONTINUE
*LOOP* START

CALL RECEIVE REAL 32BIT( X
CALL RECEIVE REAL 32BIT( Y
CALL RECEIVE REAL_32B1T( Z_
CALL RECEIVE REAL_32B.T( ALT
CALL RECEIVE REAL_32BIT( RRELTR)
CALL RECEIVE REAL_32BIT( RRELTR(2)
CALL RECEIVE REAL_32BIT( RRELTR(3)
CALL RECEIVE REAL_32B11) VRELTR(l)
CALL RECEIVE REAL_32BIT( VRELTR(2)
CALL RECEIVE REAL_32B1T( VRELTR(3)
CALL RECEIVE REAL 32B1T( TGOTR
CALL RECEIVESIGNED -16B11) IDROP

C----------------------------------------------------------------------------- C
C-------------------------------- SEPARATC": MODULE------------------------- C
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C----------------------------------------------------------------------------- C
C Models discontinuities occuring during C
C stage separation C
C C
C----------------------------------------------------------------------------- CI

C FIRST STAGE SEPARATION

IF ( ABS(T-TSTGlL.LE.DTEPS CTHEN
CALL OUTMES(010!,T,D.0)

ENDIFI

C SECOND STAGE SEPARALfON

IF ( ABS(T-TSTG2).LE.DTEPS CTHEN

CALL OUTMES(0102,T,0.0)END IF

C NOSE FAIRING / BOOST ADAPTER SEPARATION

IF ( IDROP.EQ.l .OR. (ASS(T-TDROP).LE.DTEPS) THENCALL OUTMES(0103,T,O.O)
ENDIF

C----------------------------------------------------------------------------- C

C-------------------------------- OUTPUT MODULE----------------------------- CI
C----------------------------------------------------------------------------- C
C Creates print and plot output data C
C files C
C C
C----------------------------------------------------------------------------- C

if ( nint(rnod(tstep,dtprt)).eq.0 ) then
CALL OUTMES(0104,T,ALT)

OUTPUT(1,NUMBER OUTPUT) = TOUTPT(2,UMBE-OUTUT) AL
OUTPUTC2.NUMBER OUTPUT) = ALT
OUTPUT(3,NUMBEROUTPUT) = Y_
OUTPUT(5,NUMBER_OUTPUT) = Y-

NUMBEROUTPUT = NUMBEROUTPUT + 1

ENDIF

C----------------------------------------------------------------------------- C
C-------------------------------- TERMINATION LOGIC------------------------- C
C----------------------------------------------------------------------------- C

C cdtosDefines the simulation termination I

C C
C----------------------------------------------------------------------------- C

C ENABLE EXIT IF INTERCEPT HAS OCCURRED AND ALL EVENTS SCHEDULED FORI
C THIS TIME HAVE BEEN EXECUTED

IF ( (TGOTR.LE.TGOMN ) .AND. (T.GT.l.0C )THEN
IEXIT = 1

ENDI F

C ENABLE EXIT IF MAXIMUM SIMULATION TIME HAS BEEN EXECUTED AND ALL

C EVENTS SCHEDULED FOR THIS TIME HAVE BEEN EXECUTED

IF ( T.GE.TFINAL ) THENI
IEXIT = 1

ENDIF

C ENABLE EXIT IF MISSILE HAS IMPACTED AND ALL EVENTS SCHEDULED FOR
C THIS TIME HAVE BEEN EXECUTED

IF C ALT.LT.D.0 ) THEN
IEXIT = I

ENDIF

C increment timeI

TSTEP = TSTEP + 1.0
T = TSTEP * DELT

C CONTINUE LOOPING UNTIL ONE OR MORE EXIT CONDITIONS HAVE BEEN METI

CALL SENDSIGNED-l6BIT( !EXIT
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-LOOP*. STOP
IF ( IEXIT.EQ.0 ) GO TO 1000

C----------------------------------------------------------------------------- C
C-------------------------------- POINT OF CLOSEST APPROACH CALCULATION -- C
C----------------------------------------------------------------------------- C
C Determines the miss distance at the C
C point of closest approach C
C C
C----------------------------------------------------------------------------- C

miss SORT ( (RRELTR(11 + VRELTR(:_)*TGCOq;*2
* + (RRELTR(2) + VRELTR(2)*TGOTR)**2
* + (RRELTR(3) + VRELTR(3)*TGOTR)**2

CALL OUTMES(0105,T, MISS)

OUTPUT(1,NUMBER OUTPUT) = T
OUTPUT(2,NUMBEROUTPUT) = MISS
OUTPUT(3,NUMBEROUTPUT) = X_
OUTPUT(4,NUMBER OUTPUT) = Y_
OUTPUT(5,NUMBER OUTPUT) = Z_

C------------------------------------------------------------------------ ---- C
C Creates print and plot output data C
C files C
C C
C----------------------------------------------------------------------------- C

DO 500 I = 0, NUMBEROUTPUT
CALL OUTPUT -MESSAGE(%VAL(REAL32BT),OUTPUT(,I),%VAL(INT2(5)))
CALL OUTPUTNL_

500 CONTINUE

*LOOP* EPILOGUE

END

FILE: uuv22.19g/debug/uublk03.for

PROGRAM BLK03

IMPLICIT REAL (A-H)
IMPLICIT REAL (O-Z)

REAL CIM(9;
EAL DELT

INTEGER*4 GYSEED
INTEGER IEXIT
REAL P
REAL PULSEG(3)
REA'1 0
REAL OFRACG(3)
REAL R
REAL T
REAL TIMUDRIV
REAL TIMUSTEP
INTEGER*4 TOSEED
REAL TSTEP

SINCLUDE('^/INCLUDE/SSBLK03.DAT')

*LOOP* PROLOGUE

INITIALIZE 80x87
CALL CW87

C INITIALIZE UNIFORM RANDOM NUMBER GENERATOR
CALL RANIT ( TOSEED)

C----------------------------------------------------------------------------- C
C-------------------------------- MAIN EXECUTION LOOP---------------------- C
C----------------------------------------------------------------------------- C

LExecution of all events is performed C
C within this loop C
C C
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C----------------------------------- 3
1000 CONTINUE

*LOOP~ START CALLRECEVEEAL 32BT(I
CALL RECEIVE REALJ2BIT( Q
CALL RECEIVE-REAL_32B1T( R
CALL RECEIVEREAL_32B1T( CIR l

CALL RECEIVE-REAL_32B1T( CIM(l)

CALL RECEIVE REAL_32B1T( CIM(3)I
CALL RECEIVEREAL_-32BIT( CIM(3
CALL RECEIVE fEAL_32BIT( CIM(4)
CALL RECEIVE REAL_32B1T( CIM(5)
CALL RECEIVE REAL_32B1T( CIM(6)
CALL RECEIVE REAL_32B1T( CIM(7)
CALL RECEIVEREAL_32B1T( CIM(8)a

C----------------------------------------------------------------------------- C
C-------------------------------- INERTIAL MEASUREMENT UPDATE--------------- CI
C----------------------------------------------------------------------------- C

C Get inertial measurement data needed C
C for guidance calculations .C

C C

C----------------------------------------------------------------------------- C

IF ( TSTEP .GE. TIM1UDRIV ) THEN

TIMUDRIV = TIMUDRIV + TIMUSTEP

C----------------------------------------------------------------------------- C
C-------------------------------- GYRO MODULE-------------------------------'-C
C----------------------------------------------------------------------------- C

CDetermine sensed body rates .CI

C C
C----------------------------------------------------------------------------- C

CALL GYRO(T,P,Q,R,CIM,GYSEED,QFRACG,PULSEG)3

END IF

CALL SENDREAL_32B1T( PULSEG(1)
CALL SENDREAL 32B1T( PULSEG (2)I
CALL SEND_REAL_32BIT( PULSEG(3)

C ------------------------------------------------------------------- C
C-------------------------------- TERMINATION LOGIC------------------------- C
C----------------------------------------------------------------------------- C
C Defines the simulation termination CI
C conditions C
C C

C----------------------------------------------------------------------------- C

C increment time

TSTEP = TSTEP + 1.0
T - TSTEP * DELT

C CONTINUE LOOPING UNTIL ONE OR MORE EXIT CONDITIONS HAVE BEEN MET3

CALL RECEIVESIGNED-lGBIT( IEXIT
*LOOP* STOP

IF ( IEXIT.EQ.0 ) GO TO 10003

*LOOP* EPILOGUE

END

FILE: uuv22.19g/debug/uublkO4.forI

PROGRAM BLK<04
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IMPLICIT DOUBLE PRECISION (A-H)
IMPLICIT DOUBLE PRECISION (O-Z)

DOUBLE PRECISION AZSUB(100)
DOUBLE PRECISION CAZ(100)
REAL CEI(9)
DOUBLE PRECISION CEL(100)
REAL CER(9)
DOUBLE PRECISION CIE(9)
REAL CIM(9)
REAL CIT(9)
DOUBLE PRECISION CMS(9)
DOUBLE PRECISION CSK1
DOUBLE PRECISION CSK2
DOUBLE PRECISION CTI(9)
DOUBLE PRECISION DELT
DOUBLE PRECISION DTR
DOUBLE PRECISION ELSUB(100)
DOUBLE PRECISION GRT(5, 3)
INTEGER IEXIT
INTEGER IRESLV
DOUBLE PRECISION LAMDSK(2)
DOUBLE PRECISION LAMDTR(2)
DOUBLE PRECISION LAMDXX(2)
REAL LAMSEK(2)
DOUBLE PRECISION LAMTRU(2)
DOUBLE PRECISION LATLP
DOUBLE PRECISION LATT
DOUBLE PRECISION LONGLP
DOUBLE PRECISION LONGT
DOUBLE PRECISION MAGLOS
REAL MAGRTR
DOUBLE PRECISION MGRDTR
INTEGER NSUB
DOUBLE PRECISION PI
DOUBLE PRECISION PTARG
DOUBLE PRECISION PTRGIC
REAL Q
DOUBLE PRECISION QTARG
DOUBLE PRECISION QTRGIC
REAL R
DOUBLE PRECISION RJ(5)
DOUBLE PRECISION RJSUB(100)
DOUBLE PRECISION RRELM(3)
REAL RRELTR(3)
DOUBLE PRECISION RTAR(3)
DOUBLE PRECISION RTARG
DOUBLE PRECISION RTER(3)
DOUBLE PRECISION RTIC(5, 3)
DOUBLE PRECISION RTRGIC
DOUBLE PRECISION SKOFFI
DOUBLE PRECISION SKOFF2
DOUBLE PRECISION SSK1
DOUBLE PRECISION SSK2
DOUBLE PRECISION T
REAL TGOTR
INTEGER*4 TOSEED
DOUBLE PRECISION TPHI
DOUBLE PRECISION TPHID
DOUBLE PRECISION TPHIIC
DOUBLE PRECISION TPSI
DOUBLE PRECISION TPSID
DOUBLE PRECISION TPSIIC
DOUBLE PRECISION TRSUDRIV
DOUBLE PRECISION TRSUSTEP
DOUBLE PRECISION TSTEP
DOUBLE PRECISION TTHT
DOUBLE PRECISION TTHTD
DOUBLE 'RECISION TTHTIC
DOUBLE PRECISION TTSUDRIV
DOUBLE PRECISION TTSUSTEP
DOUBLE PRECISION VRELM(3)
REAL VRELTR(3)
DOUBLE PRECISION VTAR(3)
DOUBLE PRECISION VTIC(5, 3)
DOUBLE PRECISION X
DOUBLE PRECISION XD
DOUBLE PRECISION Y
DOUBLE PRECISION YD
DOUBLE PRECISION Z
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DOUBLE PRECISION ZD 3
$INCLUDE(,^!INCLUDE/SSBLK04.DAT

'
)

*LOOP* PROLOGUE

INITIALIZE 80x87
CALL CW87

C INITIALIZE UNIFORM RANDOM NUMBER GENERATOR
CALL RANIT ( TOSEED ) I

C ---------------------------------------------------------------------- C
C ----------------------------- MISSILE STATE INITIALIZATION MODULE ---- C
C----------------------------------------------------------------------------- C
C Initialize integrated missile states C I
C C
C ------------------ ---------------------------------------------------C

C COORDINATE TRANSFORMATION MATRICES
CamLL MMK(SNGL(-90.0*DTR),l,SNGL(LATLP*DTR),2,

SNGL(LONGLP*DTR),3,CEI)

CIE(1) = CEI(1)
CIE(2) = CEI(4) I
CIE(3) = CEI(7)
CIE(4) - CEI(2)
CIE(5) - CEI(5)
CIE(6) = CEI(8)
CIE(7) = CEI(3)
CIE(8) = CEI(6)
CIE(9) = CEI(9)

C MISSILE TO SEEKER MATRIX ( INCLUDES MISALIGNMENT ) 1
C SEEKER MISALIGNMENT DIRECTIONS :
C SKOFFI = CONE ANGLE OFF NORMAL ( CURRENTLY UNDEFINED
C SKOFF2 - POLAR ANGLE

C NOTE: TRANSFORMATION INCLUDES 180 DEGREE ROTATION ABOUT Y-AXIS

SKOFFI = 0.0
SKOFF2 = 2.0*PI*RANO(TOSEED)

CSKI = PCOS(SKOFFl)
SSKI = DSIN(SKOFFI)"
CSK2 = DCOS(SKOFF2)
SSK2 = DSIN(SKOFF2)
CMS(1) = -CSKl I
CMS(2) = SSKI*CSK2
CMS(3) = SSKI*SSK2
CMS(4) - SSKI*SSK2

CMS(5) = CSK1
CMS(6) = SSK1*CSK2 I
CMS(7) = SSK1*CSK2
CMS(8) = SS(1*SSK2
CMS(9) = -CSKl

C INITIALIZE TARGET BODY RATES (RAD/SEC)

PTARG = PTRGIC*DTR
QTARG = QTRGIC*DTR
RTARG = RTRGIC*DTR

INITIALIZE TARGET EULER ANGLES (RAD)

TPHI = TPHIIC*DTR
TTHT = TTHTIC*DTR I
TPSI = TPSIIC*DTR

C ---------------------------------------------------------------------- C
C ----------------------------- MAIN EXECUTION LOOP -------------------- C
C ---------------------------------------------------------------------- C
C Execution of all events is performed C 1C within this loop C
C C I

I
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C------------------- -------------------------------------------------- C

1000 CONTINUE
*LOOP* START

CALL RECEIVE REAL 64BIT( XD
CALL RECEIVE-REAL-64BIT( YD
CALL RECEIVE-REAL-64BIT( ZD
CALL RECEIVE-REAL -64BIT( X
CALL RECEIVE-REAL-64BIT( Y
CALL RECEIVE REAL 64BIT( Z
CALL RECEIVE REAL 32BIT( Q
CALL RECEIVE REAL 32BIT( R
CALL RECEIVE REAL 32BIT( CIM(l)
CALL RECEIVE REAL 32BIT( CIM(2)
CALL RECEIVE REAL 32BIT( CIM(3)
CALL RECEIVE REAL 32BIT( CIM(4)
CALL RECEIVE REAL 32BIT( CIM(5)
CALL RECEIVE REAL 32BIT( CIM(6)
CALL RECEIVE REAL-32BIT( CIM(7)
CALL RECEIVE REAL 32BIT( CIM(8)
CALL RECEIVE REAL 32BIT( CIM(9)
CALL RECEIVE REAL 32BIT( CER(l)
CALL RECEIVE REAL 32BIT( CER(2)
CALL RECEIVE REAL 32BIT( CER(3)
CALL RECEIVE REAL 32BIT( CER(4)
CALL RECEIVE REAL 32BIT( CER(5)
CALL RECEIVE REAL 32BIT( CER(6)
CALL RECEIVE REAL 32BIT( CER(7)
CALL RECEIVE REAL 32BIT( CER(8)
CALL RECEIVE-REAL-32BIT( CER(9)

C ---------------------------------------------------------------------- C
C ----------------------------- TARGET STATES MODULE C-------------------C
C ---------------------------------------------------------------------- C
C This module calculates the true exo- C
C atmospheric trajectory data for C
C the target C
C C
C ---------------------------------------------------------------------- C

IF ( TSTEP .GE. TTSUDRIV ) THEN

TTSUDRIV = TTSUDRIV + TTSUSTEP

CALL TARGET( T,MAGRTR,CAZ,CEL,CER,CIE,PTARGQTARC,RTARG,
TPHI,TTHT,TPSIGRT,TPHID,TTHTD,TPSID,CIT,RTIC,VTIC,

RTAR,RTER,NSUB, IRESLV,RJ,CTI,VTAR,LATT,LONGT,
AZSUB,ELSUB,RJSUB

ENDIF

CALL SEND REAL 64BIT( GRT(I,I)
CALL SEND REAL 64BIT( GRT(l,2)
CALL SEND REAL 64BIT( GRT(1,3)
CALL SEND REAL 64BIT( GRT(2,1)
CALL SEND REAL 64BIT( GRT(2,2)

* CALL SEND REAL 64BIT( GRT(2,3)
* CALL SEND REAL 64BIT( GRT(3,1)

CALL SEND REAL 64BIT( GRT(3,2)
CALL SEND REAL 64BIT( GRT(3,3)
CALL SEND REAL 64BIT( GRT(4,1)
CALL SEND REAL 64BIT( GRT(4,2)
CALL SEND REAL 64BIT( GRT(4,3)
CALL SEND REAL 64BIT( GRT(5,1)
CALL SEND REAL 64BIT( GRT(5,2)
CALL SEND REAL 64BIT( GRT(5,3)

CALL SEND REAL 64BIT( VTIC(I,I)
CALL SEND REAL 64BIT( VTIC(l,2)
CALL SEND REAL 64BIT( VTIC(I,3)
CALL SEND REAL 64BIT( VTIC(2,1)
CALL SEND REAL 64BIT( VTIC(2,2)
CALL SEND REAL 64BIT( VTIC(2,3)
CALL SEND REAL 64BIT( VTIC(3,1)

* CALL SEND REAL 64BIT( VTIC(3,2)
CALL SEND REAL 64BIT( VTIC(3,3)

* CALL SEND REAL 64BIT( VTIC(4,1)
CALL SEND-REAL-64BIT( VTIC(4,2)
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CALL SENDREAL_64BIT( VTIC(4,3)1
CALL SEND REAL 64BIT( VTIC(5,l)

CALL SENDREAL_64B1T( VTIC(5,2)

CALL SEND REAL E4BIT( VTIC(5,3)
CALL SENDREAL 64BIT( RTIC(l,l)
CALL SEND REAL 64BIT( RTIC(1,2)CALLSEN-REA-64IT( TIC1,I
CALL SEND REAL 64BIT( RTIC(,3)
CALL SENDREAL 64BIT( RTIC(2.l)
CALL SEND_REAL_64BIT( RTIC(2,3)
CALL SENDREAL 64BIT( RTIC(3,1)

* CALL SENDREAL 64BIT( RTIC(3,1)
CALL SENDREAL 64BIT( RTIC(3,3)

* CALL SENDREAL 64BIT( RTIC(3,3)

CALL SENDREAL 64BIT( RTIC(4.l)
CALL SENDREAL 64BIT( RTIC(4,3)
CALL SEND_REAL_64BIT( RTIC(5,3)
CALL SENDREAL 64BIT( RTIC(5,2)I

* CALL SEND_REAL_6481T( RTIC(5,2)

C----------------------------------------------------------------------------- C
C-------------------------------- RELATIVE STATES MODULE------------------- CI
C----------------------------------------------------------------------------- C
C Calculate relative range, range rate, C
C time-to-go, LOS angles and rates C
C C

C----------------------------------------------------------------------------- CI

IF ( TSTEP .GE. TRSUDRIV) THEN

TRSUDRIV = TRSUDRIV + TRSUSTEP3

CALL RELAT(RTIC,VTIC,X,Y,Z,XD,YD,ZD,O,R,CIM,CMS,RRELTR,
* MAGRTR, VREL TR, MGRDTR, MAGLOS, LAMTRU, LAMDXX,

ENI LAMDTR, LAMSEK, LAMDSK, TGOTR, RRELM, VRELM, CAZ, CEL)

CALL SEND REAL 32BIT( MAGRTR)
CALL SEND REAL 64BIT( LAMDXX(1)
CALL SEND REAL 64BIT( LAMDXX (2)
CALL SEND REAL J2SIT( LAMSEK(l)

CALL SENDREAL_32B1T( LAMSEK(2)I

CALL SEND REAL 32BIT( RRELTR(l)
CALL SEND REAL 32BIT( RRELTR(2)
CALL SEND REAL 32BIT( RRELTR(3)
CALL SEND REAL 32BIT( VRELTR(1)1
CALL SENDREAL_32SIT( VRELTR(2)

CALL SEND REAL 32B1T( VRELTR(3)
CALL SEND _REAL_32SIT( TGOTR)

C----------------------------------------------------------------------------- CI

C-------------------------------- TERMINATION LOGIC------------------------- C
C----------------------------------------------------------------------------- C

CDefines the simulation terrdnation C
C conditions C
C CI
C----------------------------------------------------------------------------- C

C increment time

TSTEP - TSTEP + 1.000

C CONTINUE LOOPING UNTIL ONE OR MORE EXIT CONDITIONS HAVE BEEN MET

CALL RECEIVE SIGNED_1621T( TEXITI

I ( IEXIT.EQ.O ) GO TO 1000

*LOOP* EPILOGUE

ENDI

FILE: uuv22.19g/debug/uublkD5.for
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PROGRAM BLK05

IMPLICIT REAL (A-H)
IMPLICIT REAL (O-Z)

REAL CG(3)
REAL CGEST(3)
REAL CMMD(2)
REAL CNALP
REAL DELT
REAL DLPC
REAL DLYC
REAL DTEPS
REAL DTFRU
REAL DTMPI
REAL EPSL
INTEGER IBAUTO
INTEGER IEXIT
INTEGER IFTAB
REAL IYY
REAL IZZ
REAL KME
REAL KNE
REAL KTHT
REAL KTHTD
REAL LFRACS
REAL MALPHA
REAL MASS
REAL MDELTA
REAL PSIER
REAL RMIR_ (3)
REAL SQ
REAL SR
REAL T
REAL TAPUDRIV
REAL TAPUSTEP
REAL TFRAC
REAL TFRCS
REAL TFTAS
REAL THTER
REAL TI2M(9)
REAL TSTEP
REAL TSTG1
REAL TSTG2
REAL VCMD(4)
INTEGER VLVCM5
REAL VMIR (3)
REAL XCPCG
REAL XDEL

SINCLUDE('^/INCLUDE/SSBLK05.DAT ')

*LOOP* PROLOGUE

INITIALIZE 80x87
CALL CW87

C ----------------------------------------------------------------------- C
C ----------------------------- MAIN EXECUTION LOOP --------------------- C
C ---------------------------------------------------------------------- C
C Execution of ail events is performcd C
C within this loop C
C C
C ---------------------------------------------------------------------- C

1000 CONTINUE
*LOOP* START

CALL RECEIVE REAL 32BIT( MASS
CALL RECEIVE REAL 32BIT( CG(I)
CALL RECEIVE REAL 32BIT( CG(2)
CALL RECEIVE REAL 32BIT( CG(3)
CALL RECEIVE REAL 32BIT( IYY
CALL RECEIVE REAL 323!T( IZZ
CALL RECEIVE REAL 32BIT( RMIR (1)
CALL RECEIVE REAL 32BIT( RMIR (2)
CALL RECEIVE REAL 32BIT( RMIR (3)
CALL RECEIVE-REAL-32BIT( VMIR-(1)
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CALL RECEIVE REAL 32B1T1 VMIR_ (2)
CALL RECEIVr-REAL-32BiT, VMIR_(3) U
CALL RECEIVE REAL 32BT( SQ
CALL RECEIVE REAL 32BIT( SR
CALL RECEIVS -EAL 32BIT{ T:2M(1)
CALL PECEIVE REAL-328IT( TT2M(2)
CALL RFCEIVF REAL 32BIT( TI2M(3) I
CALL RECEIVE REAL 32BIT( TI2M(4)
CALL RECEIVE REAL 32BIT( TI2M(5)
CALL RECEI E REAL-32BIT( TI2M(6)
CALl RECEIVE REAL 32BIT( TI2M(7)
CALL RECEIVE REAL 32BIT( TI2M(8) U
CALL RECEIVE REAL 32BIT( TI2M(9)
CALL RECEIVE REAL -2BIT( THTER
CALL RECEIVE-REAL-32B1T( PSIER

C ---------------------------------------------------------------------- C
C -------------------- AUTOPILOTS --------------- ------------ C
C ---------------------------------------------------------------------- C
C C
C ------------------------------------------------------------------------ C

IF ( TSTEP .GE. TAPUDRIV ) THEN

TAPUDRIV = TAPUDRIV + TAPUSTEP

IF ( T.LT.TSTG2 ) THEN

C CGEST TEMPORARILY EQUAL TO CG

CGEST(l) = CG(l)
CGEST(2) = CG(2)
CGEST(3) = CO(3)

C ---------------------------------------------------------------------- C
C ---------------------------- BOOST AUTOPILOT MODULE C------------------C
C ---------------------------------------------------------------------- C
C Computes commands to the steering devicesC
C C
C ---------------------------------------------------------------------- C

C FIRST STAGE SEPARATION

IF ( ABS(T-TSTGI).LE.DTEPE ) THEN
IBAUTO = 1 U

END IF

CALL BAUTO(T,THTER,PSIERSQSR,MASS_,IYY,IZa,CGESTTI2M,
RMIR ,VMIR ,IBAUTO,CMMD,DLPC,DLYC,KTHTKTHTD,XDEL,XCPCG,

ENDIF LFRACSCNALPMOELTAKNEKMEMALPHA)

ENDIF

bauto
CALL SEND REAL 32BIT( CMMD(1) I
CALL SEND-REAL-32BIT( CMMD(2)

C---------------------------------------------------------------------------- C
C ---------------------------- FRACS LOGIC MOULE C----------------------C
C -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - C
C Models FRACS hysteresis loiqc C

C
-- ------------------------------------------------------------------ C

IF ( TSTEP .GE. TAPUDRI ) THEN

TAPUDRIV = TAPUDRIV + TAPUSTEP

IF ( T.LT.TSTG2 ) THEN

IF ( T.GE.TFRCS .ANL. .E.:FRAC ) THEN

CALL FRACS(T,D ,D:.YCVCM.:VL.... .3

SET FLAG TO COMPUTE FRACS THRUS',E RESPCNSE TABLE

i
I
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TFTAB = T

C SCHEDULE NEXT FRACS CALCULATION

DTMPI = DTFRU * ANINT ( (TDTFRU) / DTFRU
TFRAC = DTMPI - EPSL

ENDIF

ENDIF

ENDIF

fracs
CALL SEND REAL 32BIT( VCMD(1)
CALL SEND-REAL-32BIT( VCMD(2)

CALL SENDREAL_32BIT( VCMD(3)
CALL SEND-REAL-32BIT( VCMD(4)
CALL SEND-SIGNED 16BIT( IFTAB
CALL SENDREAL_32BIT( TFTAB )

The IFTAB assignment was moved from the partition with FRCTHR
IFTAB 0

C ----------------------------- TERMINATION LOGIC C----------------------C

C Defines the simulation termination C
C conditions C
C C

C ---------------------------------------------------------------------- C

C increment time

TSTEP = TSTEP + 1.0D0
T = TSTEP * DELT

C CONTINUE LOOPING UNTIL ONE OR MORE EXIT CONDITIONS HAVE BEEN MET

CALL r"CEIVESIGNED_16BIT( IEXIT
*LOOP* STOP

IF ( IEXIT.EQ.0 ) GO TO 1000

*LOOP* EPILOGUE

END

FILE: uuv22.19g/debug/uublkO6.for

PROGRAM BLK06

IMPLICIT REAL (A-H)
IMPLICIT REAL (O-Z)

REAL ALT
REAL CEI(9)
REAL CER(9)
REAL CIE(9)
REAL CIM(9)
REAL CIR(9)
REAL CRI(9)
REAL DELT
REAL DTR
INTEGER IEXIT
REAL LAT
REAL LATLP
REAL LONG
REAL LONGLP
REAL MVRWM
REAL OMEGAE
REAL RADE
REAL SHEAR
REAL T
REAL TSTEP
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REAL TSTG2
REAL VRWM(3)
REAL VWIND
REAL XD_
REAL XYZE (3)
REAL XYZR(3)
REAL XI
REAL YD_
REAL Y_
REAL ZD_
REAL Z_

SINCLUDE U "/INCLUDE/SSBLK06.DAT')

*LOOP* PROLOGUE

INITIALIZE 80x87I
CALL CW87

C----------------------------------------------------------------------------- C
C------------------------------------------------------ MSIESAEIIILZTO OUE-----C
C ---------------------------------------------------ISLESAENTAIAIOMDUE---- C

CInitialize integrated missile states C

C COORDINATE TRANSFORMATION MATRICES

CALL MMI<(-90.0*DTR,1,LATLP-DTR,2,LONGLP*DTR,3,CEI)

CIE(1) = CEI Cl)U
CIE(2) = CEI(4)
CIE(3) = CEI(7)
CIE(4) - CEI(2)

CIE(5) = CEI(5)I
CIE(6) = CEI(8)

CIE(8) = CEI(6)
CIE(9) =CEI(9)3

C---------------------------------------- ------------------------------------ C
C-------------------------------- MAIN EXECUTION LOOP---------------------- C
C----------------------------------------------------------------------------- C

C within this loop C

C C
C----------------------------------------------------------------------------- C

1000 CONTINUE
*LOOP* START

CALL RECEIVE_REAL 32BIT( XD-
CALL RECEIVEREAL 32B1T( YD_
CALL RECEIVEREAL_32BIT( ZD_
CALL RECEIVEREAL 32BIT( X_
CALL RECEIVE REAL 32BIT( Y_
CALL RECEIVE REAL 32BIT( Z_
CALL RECEIVE REAL 32BIT( CIM(l)I
CALL RECEIVE REAL 32BIT( CIM(2)
CALL RECEIVE REAL 32BIT( CIM(3)
CALL RECEIVE REAL 32BIT,( CIM(4)
CALL RECEIVEREAL 32BIT( CIM(5)
CALL RECEIVE REAL 32BIT( CIM(6)
CALT RECEIVE REAL 32B1T( CIM(7)
CALL RECEIVE REAL 32B1T( CIM(8)
CALL RECEIVEREAL_32B1T( CIM(9)
CALL RECEIVEREAL 32BIT( XYZE (1)
CALL RECEIVE REAL 32BIT( XYZE (2)I
CALL RECEIVEREAL_32B1T( XYZE_ (3)

C ROTATING EARTH MODEL

CALL MMK(0.0,l,0.0,2,OMEGAE-T,3,CER)3

*CER used to be recalculated later, along with other values
* associated with the rotating earth model. We now use only
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these values derived from the first-order estimates
CALL SEND REAL 32B1T( CER(l)
CALL SEND REAL 32BIT( CER(2)
CALL SEND REAL 32BIT( CER(3)
CALL SEND REAL 32BIT( CER(4)
CALL SEND REAL 32B1T( CE. i5)
CALL SENI) REAL J281T( CtK~)
CALL SEND REAL 32BIT( CER(7)
CALL SENDREAL_32B1T( CER(8)
CALL SENDREAL_32B1T( CER(9)

XYZR(1) = CER(1)*XYZE (1) + CEP(4)*XYZE (2) + CER(7)*XYZE (3)
XYZR(2) =CER(2)*XYZE (1) + CER(5)*XYZE (2) + CER(S)*XYZE (3)
XYZR(3) = CER(3)*XYZE_ (1) + CER(6)*XYZE_ (2) + CER(9)*XvZE_ (3)

CIR(1) = CER(1)*CIE(l) +CER(4)-CIE(2) + CER(7)*CIE(3)
CIR(2) = CER(2)*CIE(I) + CER(5)*CIE(2) + CER(8) CIE (3)
CIR(3) = CER(3)-CIE(1) + CER(6)*CIE(2) + CER(9)*CIE(3)
CIR(4) = CER(l)*CIE(4) + CER(4)*CIE(5) + CER(7)*CIE(6)
CIR(5) = CER(2)*CIE(4) + CER(5)*CIE(5) + CER(8)*CIE(6)
CIR(6) =CER(3)*CIE(4) + CER(6)*CIE(5) + CER(9)*CIE(6)
CIR(7) = CER(1)*CIE(7) + CER(4)*CIE(8) + CER(7)*CIE(9)
CIR(8) = CER(2)*CIE(7) + CER(5)*CIE(8) + CER(8)*CIE(9)
CIR(9) = CER(3)*CIE(7) + CER(6)*CIE(8) + CER(9)*CIE(9)

CRI~l) = CIRMi
CRI(2) = CIR(4)
CRI(3) = CIR(7)
CRI(4) = CIR(2)
CRI(5) = CIR(5)
CRI(6) = CIR(8)
CRI(7) = CIR(3)
CRI(8) = CIR(61
CRI(9) = CIR(9)

C CALCULATE CURRENT LATITUDE AND LONGITUDE

LAT = ATAN2(XYZR(3),SQRT(XYZR(1lP'2+XYZR(2)*12))/DTR
LONG = ATAN2(XYZR(2),XYZR(l))/DTR

C CALCULATE CURRENT MISSILE ALTITUDE

ALT = SORT ( X _**2 + Y_**2 + Z_**2 (-RADE

CALL SEND_REAL_32B1T( ALT)

C----------------------------------------------------------------------------- C
C-------------------------------- ATMOSPHERE MODULE------------------------- C
C----------------------------------------------------------------------------- C
C Computes the atmospheric properties C
C C
C----------------------------------------------------------------------------- C

IF ( T.LT.TSTG2 ) THEN
CALL ATMOS2(T,ALT,XD ,YD_,ZD_ ,CIM,CRI,LAT,LONG,

VWIND. SHEAR. VRWM, MVRWM)
ENDIF

CALL SENDREAL 32BIT( VRWM(1)
CALL SEND REAL 32BIT( VRWM(2)
CALL SEND REAL 32B1T( VRWM(3)
CALL SENDREAL_32B1T( MVRWM)

C----------------------------------------------------------------------------- C
C-------------------------------- TERMINATION LOGIC------------------------- C
C----------------------------------------------------------------------------- C
C Defines the simulation termination C
C conditions C

C C
C----------------------------------------------------------------------------- C

C increment time

TSTEP = TSTEP + 1.0
T = TSTEP * DELT

C CONTINUE LOOPING UNTIL ONE OR MORE EXIT CONDITIONS HAVE BEEN MFT
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CALL RECEIVE_SIGNED_16BIT( IEXIT ) 3
*LOOP* STOP

IF ( IEXIT.EQ.0 ) GO TO 1000

*LOOP* EPILOGUE 3
END

FILE: uuv22.19g/debug/uublk07.for 3
PROGRAM BLK07

IMPLICIT REAL (A-H) I
IMPLICIT REAL (O-Z)

REAL CG(3)
REAL CMMD(2)
REAL DELT
REAL DLP
REAL DLPD
REAL DLPIC
REAL DLY
REAL DLYD
REAL DLYIC
REAL DTEPS
REAL DTOFFV(4)
REAL EISP
REAL FOFF1(4)
REAL FOFF2(4)
REAL FXT
REAL FXVCS
REAL FYT
REAL FYVCS
REAL FZT
REAL FZVCS
INTEGER IBTHR
INTEGER IEXIT
INTEGER IVCS
INTEGER IVTAB
REAL MDOTT
REAL MDOTV
REAL MXT
REAL MXVCS I
REAL MYT
REAL MYVCS
REAL MZT
REAL MZVCS

REAL PMAX
REAL PRESS
REAL T
REAL TBRK
REAL TBURNM
REAL THR
REAL THRV
REAL TIMONV
REAL TINHIB
REAL TKVON
REAL TOFFLT(4)
INTEGER*4 TOSEED
REAL TOTDEL
REAL TSTEP
REAL TSTG1
REAL TSTG2
REAL TVTAB

$INCLUDE('^/INCLUDE/SSBLK07.DAT')

*LOOP* PROLOGUE

INITIALIZE 80x87
CALL CW87

C INITIALIZE UNIFORM RANDOM NUMBER GENERATOR
CALL RANIT ( TOSEED )

initialization for purpose of delaying receipt of actual values
PRESS = 2116.25 I

I
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C----------------------------------------------------------------------------- C
C-------------------------------- MISSILE STATE INITIALIZATION MODULE ---- C
C----------------------------------------------------------------------------- C
C Initialize integrated missile states C
C C
C----------------------------------------------------------------------------- C

C INITIAL TVC NOZZLE POSITION

DLP = DLPIC
DLY = DLYIC

DLPD =0.0
DLYD = 0.0

CALL INTEGI DLP DLPD T *19
CALL INTEGI (DLY DLYD T 20

C----------------------------------------------------------------------------- C
C-------------------------------- MAIN EXECUTION LOOP---------------------- C
C----------------------------------------------------------------------------- C
C Execution of all events is performed C
C within this loop C
C C
C----------------------------------------------------------------------------- C

1000 CONTINUE
*LOOP* START

C from MASSPR
CALL RECEIVE REAL_32B1T( EISP
CALL RECEIVEREAL_32B1T( CG(l)
CALL RECEIVEREAL_32B1T( CG(2)
CALL RECEIVE_REAL_32B1T( CG(3)

C----------------------------------------------------------------------------- C
C-------------------------------- BOOSTERS MODULE--------------------------- C
C----------------------------------------------------------------------------- C
C C
C----------------------------------------------------------------------------- C

IF ( T.LE.TSTG2 ) THEN
CALL BTHRST(T,CG,EISP,PRESS,DLP,0LY,TOSEED,TBRK,IBTHR,

FXT, FYT, FZT, MXT, MYT, MZT, MDOTT, THRV, THR)
ENDIF

IF ( ABS(T-TSTG1).LE.DTEPS )THEN
IBTHR =1

ENDIF

CALL SEND REAL 32BIT( FXT
CALL SEND REAL 32BIT( FYT
CALL SEND REAL 32BIT( FZT
CALL SEND REAL 32B1T( MXT
CALL SENDREAL-32BIT( MYT
CALL SEND REAL 32BIT( MZT
CALL SENDREAL_32B1T( MDOTT

C----------------------------------------------------------------------------- C
C-------------------------------- NOZZLE CONTROL UNIT MODULE---------------- C
C----------------------------------------------------------------------------- C
C Models the response of the nozzle C
C control unit during first stage C
C C
C----------------------------------------------------------------------------- C

IF ( T.LE.TSTG1 .AND. T.GT.TINHTB) THEN
CALL NCU(DLP,DLY,CMMD,DLPD,DLYD)

ENDIF

*from frcthr
CALL RECEIVE REAL_32B1T( FOFF1(l)
CALL RECEIVEREAL_32BIT( FOFl(2)
CALL RECEIVEREAL_32BIT( FOFFl(3)
CALL RECEIVEREAL_3281T( FOFF1(4)
CALL RECEIVEREAL 32BIT( FOFF2(l)
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CALL RECEIVEREAL_32BIT( FOFF2(2)
CALL RECEIVEREAL_32BIT( FOFF2 (3)
CALL RECEIVE_REAL_32B1T( FOFF2(4)

C----------------------------------------------------------------------------- C
C-------------------------------- VCS THRUSTER RESPONSE MODULE------------- C
C----------------------------------------------------------------------------- CI
C Determines the forces and moments C
C imparted by the VCS thrusters C
C C
C----------------------------------------------------------------------------- C

IF ( T.GE.TKVCN ) THEN

CALL VCSTH1 (T,CG,TBURNN, IVCS,TOFFLT,TIMONV,DTOFFV,

TVTAB, FOFF1, FOFF2, IVTAB, FXVCS, FYVCS, FZVCS,I

ENDIF

from ATMOS (delayed)I
CALL RECEIVEREAL_32B1T( PRESS

CALL SENDREAL 32BIT( FXVCS

CALL SENDREAL 32BIT( FYVCS
CALL SENDREAL 32B1T( FZVCSI
CALL SENDREAL 32BIT( MXVCS
CALL SENDREAL 32BIT( MYVCS
CALL SEND_REAL_32B1T( MZVCS
CALL SEND_REAL_32BIT( MDOTV

IF ( T.LE.TSTG1 ) THEN
CALL INTEG (DLP ,DLPD *T ,19

CALL INTEG (DLY *DLYD ,T ,20

TOTDEL = SORT ( DLP**2 + DLY**2
IF JTOTDEL.GT.PMAX ) THENI

DLP = DLP*PMAX/TOTDEL
DLY = DLY*PMAX/TOTDEL

ENDIF
ENDIF

C FIRST STAGE SEPARATIONI

IF ( ABS(T-TSTG1) .LE.DTEPS ) THEN
DLP = 0.0
DLY =0.0

ENDIF

* guidance
CALL RECEIVE_SIGNED_16BIT( IVCS

*bauto
CALL RECEIVE REAL 32BIT( CMMD(1)I
CALL RECEIVE_REAL_32B1T( CMMD(2)

* vcslog
CALL RECEIVE REAL 32BIT( DTOFFV(1)
CALL RECEIVEREAL 32BIT( DTOFFV(2)
CALL RECEIVE REAL 32BIT( DTOFFV(3)I
CALL RECEIVE REAL 32BIT( DTOFFV(4)
CALL RECEIVE SIGNED 16BIT( IVTAB
CALL RECEIVEREAL_32B1T( TBURNM
CALL RECEIVE REAL 32BITC TIMONV
CALL RECEIVE REAL 32B1T( TOFFLT(1)I
CALL RECEIVE REAL 32B1T( TOFFLT (2)
CALL RECEIVE REAL 32B1T( TOFFLT(3)
CALL RECEIVE REAL 32BIT( TOFFLT(4
CALL RECEIVE_REAL_32B1T( TVTAB)

C------------------------------- ------------------- ------
C-------------------------------- TERMINATION LOGIC-------------------- ---- C
C----------------------------------------------------------------------------- C
C Defines the simulation termination C

Cconditions CI
C C
C--- ---------------------------------------------------------------- C

C increment time

TSTEP = TSTEP + 1.0I
T - TSTEP *DELT
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C CONTINUE LOOPING UNTIL ONE OR MORE EXIT CONDITIONS HAVE BEEN MET

CALL RECEIVESIGNED_16BIT( IEXIT

*LOOP* STOP
IF ( IEXIT.EQ.O ) GO TO 1000

*LOOP* EPILOGUE

END

FILE: uuv22.19g/debug/uublkO8.for

PROGRAM BLK08

IMPLICIT REAL (A-H)
IMPLICIT REAL (O-Z)

REAL CIM(9)
REAL CMI(9)
REAL DELT
REAL DTR
REAL FRCX
REAL FXA
REAL FXACS
REAL FXT
REAL FXVCS
INTEGER IEXIT
REAL IXX
REAL IYY
REAL IZZ
REAL MASS
REAL MRCX
REAL MRCY
REAL MRCZ
REAL MX
REAL MXA
REAL MXACS
REAL MXT
REAL MXVCS
REAL MY
REAL MYA
REAL MYACS
REAL MYT
REAL MYVCS
REAL MZ
REAL MZA
REAL MZACS
REAL MZT
REAL MZVCS
REAL P
REAL PD
REAL PHI
REAL PHIICD
REAL PQR(3)
REAL PSI
REAL PSIICD
REAL 0
REAL QD
REAL QUAT(4)
REAL QUATD(4)
REAL QUATIC(4)
REAL QUATM
REAL R
REAL RD
REAL T
REAL THT
REAL THTICD
REAL TMPI
REAL TSTEP
REAL X_
REAL Y_
REAL Z_

SINCLUDE('^/INCLUDE/SSBLKO8.DAT')

*LOOP* PROLOGUE
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* INITIALIZE 80x87 i
CALL CW87

initialization of variables not computed until end of blkOO
PD - 0.0
QD - 0.0
RD - 0.0

C ---------------------------------------------------------------------- C
C ----------------------------- MISSILE STATE INITIALIZATION MODULE ---- C
C - - -- - - - - - -- - - - -- - - - - -- - - -- - - - -- - - - - -- - - -- - - - -- - - - -- - - - -- - - - -- - - - -- - - - -C
C Initialize integrated missile states C

C C
C -- ----------------------------------------------------------------- C

C INITIAL MISSILE EULER ANGLES IN RADIANS

PHI = PHIICD*DTR
THT = THTICD*DTR
PSI = PSIICD*DTR

C COMPUTE INERTIAL TO MISSILE TRANSFORMATION MATRIX

CALL MMK(PHI,1,THT,2,PSI,3,CIM)

CMI(1) = CIM(1)
CMI(2) = CIM(4)
CMI(3) = CIM(7)
CMI(4) = CIM(2)
CMI(5) = CIM(5)
CMI(6) = CIM(8)
CMI(7) = CIM(3)
CMI(8) = CIM(6)
CMI(9) = CIM(9)

CALL BXI2FV(QUATM,CMI,QUATIC)

PQR(1) = P
PQR(2) = Q
PQR(3) - R

CALL FVDOT (PQR,TMP1,QUATIC,QUATD)

QUAT(l) = QUATIC(l)
QUAT(2) = QUATIC(2)
QUAT(3) = QUATIC(3) I
QUAT(M = QUATIC(4)

C INITIALIZE MISSILE TRUTH STATES

CALL INTEGI P PD T 12 1
CALL INTEGI Q QD T 13 1
CAIL INTEGI R RD T 14
CALL INTEGI QUAT(i) QUATD (I) T 15
CALL INTEGI QUAT(2) QUATD(2) T 16 •
CALL INTEGI QUAT(3) QUATD(3) T 17 I
CALL INTEGI QUAT(4) QUATD(4) T 18

C ----------------------------------------------------------------------- C
C ----------------------------- MAIN EXECUTION LOOP -------------------- C
C ---------------------------------------------------------------------- C
C Execution of all events is performed C
C within this loop C
C C
C ---------------------------------------------------------------------- C

i000 CONTINUE
*LOOP* START

C----------------------------------------------------------------------------- C
C --------------------------- MISSILE STATE UPDATE MODULE --------------- C
C ........ ------------------------------------------------------ C
C Integrate missile states to current time C

C C
C----------------------------------------------------------------------------- C

tmsudriv is no longer needed -- IF/ENDIF and assignment deleted

I
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.The extrapolated states have been deleted. There should be no need
. to look into the future.
. Note that the states which follow have all been initialized, and each
. is integrated at the end of the timestep.

CALL RECEIVE REAL 32BIT( X
CALL RECEIVE REAL 32BIT( Y
CALL RECEIVE REAL 32BIT( Z
CALL SEND REAL 32B1T( P)-
CALL SEND REAL 32BIT( Q
CALL SEND REAL 32BIT( R
CALL SEND REAL 32BIT( QUAT Cl)
CALL SEND REAL 32BIT( QUAT (2)
CALL SEND REAL 32BIT( QUAT (3)
CALL SENDREAL_32BIT( QUAT(4)

CALL RECEIVE REAL_32B1T( MASS_
CALL RECEIVE REAL_32BIT( CIM(l)
CALL RECEIVE REAL_32BIT( CIM(2)
CALL RECEIVE REAL_32BIT( CIM(3)
CALL RECEIVE REAL_32flIT( CIM(4)
CALL RECEIVE REALJ2BIT( CIM(5)
CALL RECEIVEREAL_32B1T( CIM(6)
CALL RECEIVE REAL_32B1T( CIM(7)
CALL RECEIVE REAL_32B1T( CIM(8)
CALL RECEIVE REALJ2B3IT( CIM(9)

. initialization of these variables was added
CALL SEND REAL 32BIT( PD
CALL SEND REAL 32B1T( QD
CALL SENDREAL_32B1T( RD

CALL RECEIVEREAL_32B1T( IXX
CALL RECEIVE REAL_32B1T( IYY
CALL RECEIVEREAL_32BIT1 IZZ

C from BTHRST
CALL RECEIVE REAL_32B1T( FXT
CALL RECEIVE REAL_32B1T( MXT
CALL RECEIVE REAL_32B1T( MYT
CALL RECEIVEREAL_32B1T( MZT

C from FRCTHR
CALL RECEIVE REALJ2BIT( FRCX)
CALL RECEIVE REAL_32BIT( MRCX)
CALL RECEIVE REAL 32BIT( MRCY)
CALL RECEIVEREAL_32B1T( MRCZ)

C from AERO
CALL RECEIVE REAL_32B1T( FXA
CALL RECEIVE REAL_3281T( MXA
CALL RECEIVE REAL_32B1T( MYA
CALL RECEIVEREAL_32BIT( MZA

C from ACSTHR
CALL RECEIVEREAL_32B1T( FXACS
CALL RECEIVE REAL_32B1T( MXACS
CALL RECEIVE REAL_32BIT( NYACS
CALL RECEIVEREAL_32BIT( MZACS

C from VCSTHR
CALL RECEIVE REAL_32BIT( FXVCS
CALL RECEIVE REAL_32BIT( MXVCS
CALL RECEIVE REALJ2BIT( MYVCS
CALL RECEIVEREAL_32B1T( MZVCS

C----------------------------------------------------------------------------- C
C-------------------------------- VEHICLE STATES MODULE-------------------- C
C----------------------------------------------------------------------------- C
C Compute missile state derivatives C
C C
C----------------------------------------------------------------------------- C

CALL MISSLR(TQUAT,CIM,P,Q,R,lXX, IYY, IZZ,MASS_ ,FXA,FXT,
* F'RCX, EXACS, FXVCS,
* MXA, MXT, MRCX, MXACS, MXVCS,
* MYA,MYT,MRCY,MYACS,MYVCSMZA,MZT,MRCZ,MZACS,
* MZVCS,X_,Y_,Z_,PD,QD,RD,
* MXMYMZ,

QUATD)

C----------------------------------------------------------------------------- C
C MISSILE STATE INTEGRATION MODULE C
C----------------------------------------------------------------------------- C
C Revise missile states using derivatives C
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C b inertdfatal loup ndxjust computed . Missile states must not CI

C transition has occurred since the last C
C integration step . The next integration C
C step should be rescheduled to coincide C
C with the earliest detected table lookup C
C index transition instead . Otherwise CI
C schedule the next integration step to C
C occur at the default step size .C

C C
C----------------------------------------------------------------------------- C

C TRAPEZOIDAL INTEGRATION FOR SIMPLICITY

CALL INTEG (P *PD *T ,12

CALL INTEG Q 0 QD *T *13I

CALL INTEG (R ,RD ,T ,14

CALL INTEG (QUAT(l) *QUATD(1) 1 151
CALL INTEG (QUAT(2) QUATD(2) ,T *16

CALL INTEG (QUAT(3) Q UATD(3) *T *17

CALL INTEG (QUAT(4) *QUATD(4) ,T *18U

C----------------------------------------------------------------------------- C

C-------------------------------- TERMINATION LOGIC------------------------- C
C----------------------------------------------------------------------------- CI
C Defines the simulation termination
C conditions C
C C
C----------------------------------------------------------------------------- C

C increment timeI

TSTEP - TSTEP + 1.0
T -TSTEP *DELT

C CONTINUE LOOPING UNTIL ONE OR MORE EXIT CONDITIONS HAVE BEEN MET

CALL RECEIVESIGNED_16BIT( IEXIT

*LOOP* STOP
IF ( IEXIT.EQ.0 ) GO TO 10003

*LOOP* EPILOGUE

END3

FILE: uuv22. 19g/debug/uublk09. for3

PROGRAM BLK09

IMPLICIT REAL (A-H)

IMPLICIT REAL CO-Z)

REAL ACSLEV
REAL AFXACS
REAL AFYACS

REAL AFZACSI
REAL ANXOA
REAL AMYACS
REAL AMZACS

REAL BFXACSI
REAL BFYACS
REAL BFYACS

REAL BMDOTA
REAL BMXACS

REAL BMYACSI
REAL BMZACS
REAL CG(3)
REAL DELT
REAL DTACSA(4)
REAL FXACS
REAL FYACSI
REAL FZACS
INTEGER IACSONA
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INTEGER IEXIT
INTEGER ITHRES
REAL MDOTA
REAL MXACS
REAL MYACS
REAL MZACS
REAL T
REAL TATAB
REAL TKVON
INTEGER*4 TOSEED
REAL TSTEP

SINCLUDE(U^/INCLUDE/SSBLK09.DAT')

*LOOP* PROLOGUE

INITIALIZE 80x87
CALL CW87

C INITIALIZE UNIFORM RANDOM NUMBER GENERATOR
CALL RANIT ( TOSEED)

C----------------------------------------------------------------------------- C
C-------------------------------- MAIN EXECUTION LOOP---------------------- C
C----------------------------------------------------------------------------- c
C Execution of all events is performed C
C within this loop C
C C
C----------------------------------------------------------------------------- C

1000 CONTINUE
*LOOP* START

C from MASSPR
CALL RECEIVE REAL 32BIT( CG(l)
CALL RECEIVE REAL 32B1T( CG(2)
CALL RECEIVEREAL_3221T( CG(3)

C----------------------------------------------------------------------------- c
C-------------------------------- ACS THRUSTER RESPONSE MODULE------------- C
C----------------------------------------------------------------------------- C
C Determines the forces and moments C
C imparted by the ACS thrusters C
C C
C----------------------------------------------------------------------------- C

IF ( T.GE.TKVON ) THEN

CALL ACSTHA (T. CG, ACSLEV, DTACSA, TATAB, TOSEED,
* ITHRES,AFXACS,AFYACS, AFZACS, AMXACS,AMYACS, AMZACS,
* AMDOTA,IACSONA)

ENDI F

CALL RECEIVE REAL 32BIT( BFXACS
CALL RECEIVE REAL 32BIT( BFYACS
CALL RECEIVE REAL 32B1T( BFZACS
CALL RECEIVE REAL 32BIT( BMXACS
CALL RECEIVEREAL_32B1T1 BMYACS
CALL RECEIVE REAL 32BIT( BM:ACS
CALL RECEIVEREAL_32B1T( BMDOTA

IF ( T.GE.TKVON ) THEN

FXACS = BFXACS + AFXACS
FYACS = BFYACS + AFYACS
FZACS = BFZACS + AFZACS
MXACS - BMXACS + AMXACS
MYACS = SMYACS + AMYACS
MZACS = BMZACS + AMZACS
MDOTA = BMDOTA + ANDOTA

ENDIF

CALL SENDSIGNED_16BIT( IACSONA

CALL SEND REAL 32BIT( FXACS
CALL SEND REAL 32BIT( FYACS
CALL SEND REAL 32BIT( FZACS
CALL SEND REAL 32BIT( MXACS
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-ALL SFNDREAL_3281T( MYACS
CALL SENDREAL 32B1T( MZACSI
CALL SENDREAL_32BIT( MOOTA

"kvauto
CALL RECEIVEREAL 32BIT( ACSLEV

CALL RECEIVE_SIGNED_16BIT( ITHRESI
CAL ret REIVREL2BT DTCA
CALL RECEIVE_REAL_32BIT( DTACSA(2)

CALL RECEIVEREAL_32B1T( DTACSA(3)

CALL RECEIVEREAL_32B1T( DTACSA(3)I
CALL RECEIVE_REAL_32B1T( TATAB)

C----------------------------------------------------------------------------- C
C-------------------------------- TERMINATION LOGIC------------------------- C
C----------------------------------------------------------------------------- C

C Defines the simulation termination CI
C conditions C
C C
C----------------------------------------------------------------------------- C

C increment time3

TSTEP = TSTEP + 1.0
T - TSTEP * DELT

C CONTINUE LOOPING UNTIL ONE OR MORE EXIT CONDITIONS HAVE BEEN METI

CALL RECEIVESIGNED_1EBIT( IEXIT

*LOOP* STOP
IF ( IEXIT.EQ.0 ) GO TO 1000

*LOOP* EPILOGUE

ENDI

FILE: uuv22.19g/debug/uublklO. for3

PROGRAM BLK10

IMPLICIT REAL (A-H)
IMPLICIT REAL (O-Z)REAL AL
REAL ALT

INTEGER IEXIT
REAL PRESS

REAL RHO
REALT
REAL TSTEP
REAL TSTG2
REAL VSND

$INCLUDE( ^/INCLUDE/SSBLK10.DAT')I

*LOOP* PROLOGUE

*INITIALIZE 80x87
CALL CW87I

C----------------------------------------------------------------------------- C
C-------------------------------- MAIN EXECUTION LOOP---------------------- C
C----------------------------------------------------------------------------- CI
C Execution of all events is performed
C within this loop C
C C
C----------------------------------------------------------------------------- C

1000 CONTINUE

*LOOP* START

CALL RECEIVEREAL_3221T( ALT3
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C ......- C C
C ......... ATMOSPHERE MCDULE - C
C ..................-............. C
C Computes the atmospheric properties C
C C
C ---------------------------------------------------------------------- C

IF ( T.LT.TSTG2 ) THEN
CALL ATMOSI(T,ALT,RHO,PRESS,VSND)

ENDIF

CALL SEND REAL 32BIT( PRESS
CALL SEND REAL 32BIT( RHO
CALL SEND-REAL-32BI( VSND

C C----------------------------------------------------------------------C
C ----------------------------- TERMINATION LOGIC ----------------------- C
C ---------------------------------------------------------------------- C
C Defines the simulation termination C
C conditions C
C C
C ---------------------------------------------------------------------- C

C increment time

TSTEP = TSTEP + 1.0
T = TSTEP * DELT

C CONTINUE LOOPING UNTIL ONE OR MORE EXIT CONDITIONS HAVE BEEN MET

CALL RECEIVE SIGNED16BIT( IEXIT

*LOOP* STOP
IF ( IEXIT.EQ.0 ) GO TO 1000

*LOOP* EPILOGUE

END

FILE: uuv22.19g/debug/uublkll.for

PROGRAM BLK11

IMPLICIT DOUBLE PRECISION (A-H)
IMPLICIT DOUBLE PRECISION (O-Z)

REAL AT(3)
REAL CEI(9)
REAL CG(3)
DOUBLE PRECISION CIE(9)
REAL CIM(9)
DOUBLE PRECISION DELPHI
DOUBLE PRECISION DELPSI
DOUBLE PRECISION DELT
DOUBLE PRECISION DELTHT
DOUBLE PRECISION DELU
DOUBLE PRECISION DELV
DOUBLE PRECISION DELW
DOUBLE PRECISION DT
DOUBLE PRECISION DTEPS
DOUBLE PRECISION DTR
DOUBLE PRECISION GR(3)
INTEGER*4 GYSEED
INTEGER IEXIT
DOUBLE rRECISION LATLP
DOUBLE PRECISION LONGLP
REAL MVR
DOUBLE PRECISION MVRDOT
REAL P
REAL PD
DOUBLE PRECISION PHI
DOUBLE PRECISiON PHIICD
DOUBLE PRECISION PSI
DOUBLE PRECISION PSIICD
DOUBLE PRECISION PULSEA(3)
REAL PULSEG(3)
REAL Q
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REAL QD
DOUBLE PRECISION QFRACA(3)
DOUBLE PRECISION QSI 4)
REAL R
REAL RD
DOUBLE PRECISION RMI(3)
DOUBLE PECISiON RMIR(3)
REAL RMIR_(3)

REAL SP
DOUBLE PRECISION SPHI
DOUBLE PRECISION SPSI
REAL SQ
REAL SR
DOUBLE PRECISION STHT
DOUBLE PRECISION SU
DOUBLE PRECISION SV I
DOUBLE PRECISION SW
DOUBLE PRECISION SVD
DOUBLE PRECISION SW
DOUBLE PRECISION SD
DOUBLE PRECISION THT
DOUBLE PRECISION THTIC

DOUBLE PRECISION TIMUDV IDOUBLE PRECISION TACCEL
DOUBLE PRECISION THT
DOUBLE PRECISION THTICDREAL T12M(9)I

DOUBLE PRECISION TIMUDRIV
DOUBLE PRECISION TIMUPR
DOUBLE PRECISION TIMUSTEP
DOUBLE PRECISION TLIMU
DOUBLE PRECISrON TNAV
INTEGER*4 TOSEED

DOUBLE PRECISION TUST2
DOUBLE PRECISION TST
DOUBLE PRECISION TSTE3
DOUBLE PRECISION TMTG2
DOUBLE PRECISION TUPLKI
DOUBLE PRECISION UD
DOUBLE PRECISION XD
DOUBLE PRECISION VD

DOUBLE PRECISION VMIE(3)

DOU BL PRECISION VMIR(3)
REAL VMIRE(3)
DOUBLE PRECISION VP
REAL VTT(3)
DOUBLE PRECISION WD
DOUBLE PRECISION X .
DOUBLE PRECISION XD

I

DOUBLE PRECISION XYZE(31
DOUBLE PRECISION XYZED(3)
DOUBLE PRECISION Y

DOUBLE PRECISION YD
DOUBLE PRECISION Z

DOUBLE PRECISION ZD

$INCLUDE('^iINCLUDE/SSBLKII.DAT ')

*LOOP* PROLOGUEI

*INITIALIZE 80x87
CALL CW87

C INITIALIZE UNIFORM RANDOM NUMBER GENERATOR
CALL RANIT ( TOSEED ) I

C ---------------------------------------------------------------------- C
C ----------------------------- MISSILE STATE INITIALIZATION MODULE ---- C
c -------------- C
C Initialize integrated missile states C
C C

C------------------------------------------------------------------------- C

COORVINATE TRANSFORMATION MATRICES 3
CALL -MK(SNGL(-9C.0-DTR),I,SNGL(LATLP TR),2,

SqGL(LONGL7*DTR ,3,CEI)

CIE( . = CEI'I)
CIE(2) = CEI(4)
CIE(3) = CEI(7)
CIE(4) = CEI(2) I

I
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CIE(6) = CEI(8)
CIE(7) = CEI(3)
CIE(8) = CEI(6)
CIE(9) = CEI(9)

C COMPUTE MISSILE STATES IN INERTIAL FRAME

X = XYZE(1)*CEI(l) + XYZE(2)-CEI(4) + XYZE(3)*CEI(7)
Y = XYZE(1)*CEI(2) + XYZE(2)*CEI(5) + XYZE(3)*CEI(8)
Z = XYZE(1)*CEI(3) + XYZE(2)*CFI(6) + XYZE(3)*CEI(9)

XD = XYZED(1)*CEI(1) + XYZED(2)*CEI(4) + XYZED(3)*CEI(7)
YD = XYZED(1)*CEI(2) + XYZED(2)*CEI(5) + XYZED(3)*CEI(8)
ZD = XYZED(1)*CEI(3) + XYZED(2)*CEI(6) + XYZED3)*CEI(9)

C INITIAL MISSILE EULER ANGLES IN RADIAN..

PHI = PHIICD*DTR
THT = THTICD*DTR
PSI = PSIICD*DTR

C ESTIMATED MISSILE POSITION AND VELOCITY

RMIR(1) = X
RMIR(2) = Y
RMIR(3) = Z
VMIR(1) = XD
VMIR(2) = YD
VMIR(3) = ZD

C ESTIMATED MISSILE EULER ANGLES AND BODY RATES

SPHI = PHI
STHT = THT
SPSI = PSI

MVR = VPl

C .---------------------------- C
C ----------------------------- MAIN EXECUTION LOOP C--------------------C
C ---------------------------------------------------------------------- C
C Execution of all events is performed C

C within this loop C
C C
C ---------------------------------------------------------------------- C

000 CONTINUE
*LOOP* START

CALL RECEIVE REAL 64BIT( XD

CALL RECEIVE-REAL-64BIT( YD
CALL RECEIVE-REAL-64BIT( ZD
CALL RECEIVE-REAL-64BIT( X
CALL RECEIVE-REAL-64BIT( Y
CALL RECEIVE-REAL-64BIT( Z
CALL RECEIVE-REAL-32BIT( P
CALL RECEIVE-REAL-32BIT( Q
CALL RECEIVE-REAL-32BIT( R
CALL RECZIVE-REAL-32BIT( CIM(1)
CALL RECEIVE-REAL-32BIT( CIM(2)
CALL RECEIVE-REAL-32BIT( CIM(3)
CALL RECEIVE-REAL-32BIT( CIM(4)
CALL RECEIVE-REAL-32BIT( CIM(5)
CALL RECEIVE-REAL-32BIT( CIM(6)
CALL RECEIVE-REAL-32BIT( CIM(7)
CALL RECEIVE-REAL-32BIT( CIM(8)
CALL RECEIVE-REAL-32BIT( CIM(9)

CALL RECEIVE REAL 64BIT( UD
CALL RECEIVE-REAL-64BIT( VD
CALL RECEIVE REAL 64BIT( WD
CALL RECEIVE REAL 32BIT( PD
CALL RECEIVE REAL 32BIT( QD
CALL RECEIVE REAL 32BIT( RD
CALL RECEIVE REAL 64BIT( GR(1)
CALL RECEIVE REAL 64BIT( GR(2)
CALL RECEIVE REAL 64BIT( GR(3)

CALL RECEIVE REAL 64BIT( XYZE(1)
CALL RECEIVE-REAL-64B[T( XYZE(2)

I



50 Annual Report: Digital Emulation Technology Laboratory Volume 1, Pan 3

CALL RECEIVE REAL 64BIT( XYZE(3)
CALL RECEIVE REAL 64BIT( XYZED(l)I
CALL RECEIVE REAL 64BIT( XYZED (2)
CALL RECEIVEREALE4BIT( XYZED(3)

CALL RECEIVE REAL 32BIT( CG(l)
CALL RECEIVE REAL 32B1T( CG(2)I
CALL RECEIVEREAL_32BIT( CG(3)

C----------------------------------------------------------------------------- C
C-------------------------------- INERTIAL MEASUREMENT UPDATE-------------- C
C----------------------------------------------------------------------------- C
C Get inertial measurement data needed CI
C for guidance calculations C
C C
C----------------------------------------------------------------------------- C

C----------------------------------------------------------------------------- C
C-------------------------------- ACCELEROMETER MODULE--------------------- C
C----------------------------------------------------------------------------- C
C Determine sensed accelerations C
C CI
C----------------------------------------------------------------------------- C

IF ( TSTEP .GE. TIMUDRIV )THEN

*TIMUDRIV = TIMUDRIV + TIMUSTEPI

CALL ACCEL(T,UD,VD,WD,P,Q,R,PD,QD,RD,CG,CIM,XD,YD,ZD,
GR, GYSEED, QFRACA, PULSEA)

ENDIF

CALL RECEIVEREAL_32B1T( PULSEG(2A
CALL RECEIVE REAL 32BIT( PULSEG(2)
CALL RECEIVEREAL_32B1T( PULSEG(3)

C----------------------------- ------------------- ---------- C
C-------------------------------- IMU PROCESSOR MODULE--------------------- C
C----------------------------------------------------------------------------- C

C Convert gyro and accelerometer outputs C

C to delta angle and delta velocity CI
C C
C----------------------------------------------------------------------------- C

IF ( TSTEP .GE. TIMUDRIV ) THEN

TIMUDRIV = TIMUDRIV + TIMUSTEPI

CALL IMUPRO (T, PULSEG, PULSFA, DELPHI, DELTHT, DELPSI,
DELU, DELV, DELW)

C----------------------------------------------------------------------------- C
C-------------------------------- NAVIGATION MODULE------------------------ C
C----------------------------------------------------------------------------- C
C This module calculates the quaternions C

Cand transformation matrices using delta CI
C angles sensed by the gyro and calculatesC

C the interceptor velocity and position C
C using delta velocity sensed by the C
C accelerometer C

C C

CALL NAVIG(T,DELPHI,DELTHT,DELPSI,DELU,DELV,DELW,GR,
QSI,CIE,SP,SQ,SR,SUD,SVD,SWD,VMIR,RMIR,TI2M,SPHI,STHT,I

* SPSI,SU,SV,SWAT,VMI,RMI,TONAV)

C TIME SINCE LAST INERTIAL MEASUREMENT UPDATE

C DT = T -TLIMU
TLTMU =T

DT TIMUSTEP *DELI

CINTEGRATE PERFORMANCE VELOCITY REMAINING USING NAVIGATIONI

C OUTPU
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MVRDOT =0.0

ELSE
MVRDOT = DBLE(SORT(AT(l)*t2 + AT(2)**2 + AT(3)**2()

ENDIE

MVR =MVR +DT*MVRDOT

C INTEGRATE GRAVITY COMPENSATED ACCELERATION

VTT(1) = VTT(1) + DT*AT(1)
VTT(2) = VTT(2) + DT*AT (2)
VTT(3) = VTT(3) + DT*AT(3)

TACCEL = TIMUDRIV * DELT
TIMUPR = TIMUDRIV * DELT
TNAV = TIMUDRIV * DELT

j ENDIF

C----------------------------------------------------------------------------- C
C-------------------------------- MIDCOURSE CORRECTION--------------------- C
C----------------------------------------------------------------------------- CIC Models uplink of interceptor,
C target, and intercept conditions C
C C
C----------------------------------------------------------------------------- C

IF CCDABS(T-TUPLKl).LE.DTEPS ) OR.
* CDABS(T-TUFLK2).LE.DTEPS )) THEN

C REVISE ESTIMATED MISSILE STATESIVMI(l) =XYZED(l)
VMI(2) = XYZED (2)
VMI(3) = XYZED(3)

RMI(l) = XYZE(l)
RMI(2) = XYZE(2)
RNI(3) = XYZE(3)

VMIR(1) = XD

VMIR(2) = YDIVMIR(3) = ZD
RMIR(l) = X
RMIR(2) = Y

RMIR(3) = 2

TONAV = T

RMIR_(1) = RMIR(l)

RMIR_ (2) = RMIR(2)
RHIR (3) = RMIR(3)
VMIR C).) = VMIR(1)

VMIR (2) = VMIR(2)

VMIR_ (3) = VMIR)3)

CALL SEND REAL 3231T( AT(I2,
CALL SENDREAL_32317) AT(2(
CALL SENDREAL 32917) AT(3)
CALL SEND_REAL_E4BIT( RMIR(l)
CALL SEND REAL 6491T( RMIR(2)
CALL SENDREAL 64BIT( RMTR(3)
CALL SENDREAL 32977) RMTR_ (1)
CALL SENDREAL 3221T( RMIR_ (2)1
CALL SENDREAL 3231T( RMTR (3)ICALL SENDREAL_64277) VM:R~l(
CALL SEND REAL 64377) VMIR(2(
CALL SENDREAL_64977) VMIR(3(
CALL SENDREAL_32977) VMI.R_ (I)
CALL SEND REAL -32917) VMIR_ (2)
CALL SENDREAL 32977)( EPR-3
CALL SEND_REAL_ 3291?) VMSP (3
CALL SENDREAL 32977) SQ

CALL SENDREAL_32277) SR
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CALL SEND REAL 32BIT TI2M(1)
CALL SEND-REAL-32BIT( T12M(2)U
CALL SEND REAL 32BIT( TI2M(3)
CALL SEND REAL 32BIT( TI2M(4)
CALL SEND REAL 32BIT( TI2M(5)
CALL SEND REAL 32BIT( TI2M(6)

CALL SEND REAL 32BIT( TI2M(7)
CALL SEND REAL 32BIT( TI2M(8)
CALL SEND REAL 32BIT( TI2M(9)

CALL SEND REAL 32BIT( MVR )
CALL SEND REAL 32BIT( VTT(1)
CALL SEND REAL 32BIT( VTT(2) )
CALL SEND-REAL-32BIT( VTT(3)

C ---------------------------------------------------------------------- C
C ----------------------------- £ERMINATION LOGIC------------------------ I
C ---------------------------------------------------------------------- C
C Defines the simulation termination C
C conditions C

C C

C----------------------------------------------------------------------------- CI

C increment time

TSTEP = TSTEP + 1.ODO
T = TSTEP * DELT

C CONTINUE LOOPING UNTIL ONE OR MORE EXIT CONDITIONS HAVE BEEN MET

CALL RECEIVE_SIGNEDl6BIT( IEXIT
*LOOP* STOP I

IF ( IEXIT.EQ.0 ) GO TO 1000

*LOOP* EPILOGUE

END

FILE: uuv22.19g/debug/uubik12.for 3
PROGRAM BLK12

IMPLICIT DOUBLE PRECISION (A-H)
IMPLICIT DOUBLE PRECISION (O-Z)

INTErER ACQD
DOUBLE PRECISION ACQRM
DOUBLE PRECISION AQRERR
DOUBLE PRECISION AQRU
DOUBLE PRECISION ASIG
DOUBLE PRECISION CMS(9)
DOUBLE PRECISION CSK2DOUBLE PRECISION CSK2

DOUBLE PRECISION DELT U
DOUBLE PRECISION DTEPS

INTEGER ESTATE
REAL FRMRAT
DOUBLE PRECISION GRT(5, 3)
DOUBLE PRECISION GRTEST(3) I
INTEGER IBURN1
INTEGER IEXIT
DOUBLE PRECISION LAM(2)
DOUBLE PRECISION LAMD(2)
DOUBLE PRECISION LAMDXX(2) I
REAL LAMMO(2)
DOUBLE FRECISION LAMSEK(2)
INTEGER KACQ
REAL MAGR
REAL MAGRTR
REAL MAGV
INTEGER MCSO
DOUBLE PRECISION MGRDOT
INTEGER MTERM
DOUBLE PRECISION PI
,4AL PITER
REAL PITERO
DOUBLE PRECISION RACQ I

I
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REAL RREL(3)
REAL RRELO(3)
DOUBLE PRECISION RTEST(3)
DOUBLE PRECISION RTIC(5, 3)
INTEGER SEKTYP
DOUBLE PRECISION SKOFFi

DOUBLE PRECISION SKOFF2
INTEGER*4 SKSEED
DOUBLE PRECISION SNRACQ
REAL SNRO
DOUBLE PRECISION SSKI

DOUBLE PRECISION SSK2
DOUBLE PRECISION T
DOUBLE PRECISION TAPUDRIV
DOUBLE PRECISION TAPUSTEP
INTEGER TERM

REAL TGE1
REAL TGE2AL
REAL TGIL
REAL TGO
DOUBLE PRECISION TGPUDRIV
DOUBLE PRECISION TGPUSTEP
REAL TI2M(9)
REAL TI2MO(9)
DOUBLE PRECISION TKFUDRIV
DOUBLE PRECISION TKFUSTEP
DOUBLE PRECISION TKVON
DOUBLE PRECISION TL2
INTEGER*4 TOSEED
INTEGER TRACK
REAL TRMTGO
DOUBLE PRECISION TSTEP
DOUBLE PRECISION TUPLK1
DOUBLE PRECISION TUPLK2
REAL URREL(3)
DOUBLE PRECISION VMIR(3)
REAL VREL(3)

REAL VRELO(3)
DOUBLE PRECISION VTEST(3)
DOUBLE PRECISION VTIC(5, 3)
DOUBLE PRECISION WFILT
REAL YAWER

REAL YAWERD
DOUBLE PRECISION ZFILT

$INCLUDE(,^/INCLUDE/SSBLK12.DAT,)

*LOOP* PROLOGUE

* INITIALIZE 80x87
CALL CW87

C INITIALIZE UNIFORM RANDOM NUMBER GENERATOR
CALL RANIT ( TOSEED )

C----------------------------------------------------------------------------- C
C ----------------------------- MISSILE STATE INITIALIZATION MODULE ---- C
C ---------------------------------------------------------------------- C
C Initialize integrated missile states C
C C
C ---------------------------------------------------------------------- C

C MISSILE TO SEEKER MATRIX ( INCLUDES MISALIGNMENT
C SEEKER MISALIGNMENT DIRECTIONS .
C SKOFFI = CONE ANGLE OFF NORMAL CURRENTLY UNDEFINED
C SKOFF2 = POLAR ANGLE

C NOTE: TRANSFORMATION INCLUDES 180 DEGREE ROTATION ABOUT Y-AXIS

SKOFFI = 0.0
SKOFF2 = 2.0*PI*RAN0(TOSEED)

CSKl = DCOS(SKOFF1)
SSKI = DSIN(SKOFF1)
CSK2 = DCOS(SKOFF2)

SSK2 = DSIN(SKOFF2)
ICMS() = -CSKI
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CMS(2) - SSKI*CSK2
CMS(3) - SSKISSK2 I
CMS(4) = SSKI*SSK2
CMS.5) = CSK1
CMS(6) = SSK1*CSK2
CMS(7) = SSKl*CSK2
CMS(8) = SSKI*SSK2
CMS(9) - -CSKI

C INITIALIZE SEEKER PARAMETERS

CALL NORM(AQRU, 0.0D0,SKSEED,AQRERR) I
RACQ - ACQRM + AQRERR

C ------------------------------------------------------------------------ C
C-- --------------------------- MAIN EXECUTION LOOP -------------------- C
C----------------------------------------------------------------------------- C

c Execution of all events is performed C

C within this loop C

C C
C ---------------------------------------------------------------------- C

1000 CONTINUE
*LOOP* START

CALL RECEIVE REAL 64BIT( GRT(1,I)
CALL RECEIVE REAL-64BIT( GRT(1,2)
CALL RECEIVE REAL 643IT( GRT (,3)

* CALL RECEIVE REAL 64BIT( GRT(2,1)

* CALL RECEIVE REAL 64BIT( GRT(2,2)
CALL RECEIVE REAL 64BIT( GRT (2, 3)

* CALL RECEIVE-REAL-64BIT( GRT(3,1)

* CALL RECEIVE REAL 64BIT( GRT(3,2)
* CALL RECEIVEREAL_64BIT( GRT(3,3)
* CALL RECEIVE REAL 64BIT( GRT(4,1)CALL RECEIVE REAL 64BIT( GRT(4,2)
* CALL RECEIVE-REAL-64BIT( GRT(4,3)

CALL RECEIVE REAL 64BIT( GRT(5,I)
* CALL RECEIVE REAL-64BIT( GRT(5,2)

CALL RECEIVE REAL 64BIT( GRT(5,3)
CALL RECEIVE REAL 64BIT( VTIC(,I)
CALL RECEIVE-REAL-64BIT( VTIC(1,2)
CALL RECEIVE REAL 64BIT( VTIC(1,3)
CALL RECEIVE REAL 64BIT( VTIC(2,)

* CALL RECEIVEREAL_64BIT( VTIC(2,2)

* CALL RECEIVE REAL 64BIT( VTIC(2,2)
CALL RECIVFORAL 64BIT( VTIC(3)

* CALL RECEIVE REAL 64BIT( VTIC(3,2)
CALL RECEIVE REAL 64BIT( VTIC(3,3)
CALL RECEIVE REAL 64BIT( VTIC(3,3)

CALL RECEIVE REAL 64BIT( VTIC(4,2)
CALL RECEIVE REAL 64BIT( VTIC(4,2) l

* CALL RECEIVE REAL 64BIT( VTIC(4,3)

CALL RECEIVE REAL_64BIT( VTIC(5,2)
- CALL RECEIVE REAL 64BIT( VTIC(5,2)

* CALL RECEIVE REAL -4BIT( VTIC(5,3)
CALL RECEIVE REAL 64BIT( RTIC(1,I) I
CALL RECEIVE REAL 64BIT( RTIC(1,2)
CALL RECEIVE -REAL 64BIT( RTIC(i,3)

* CALL RECEIVE REAL 64BIT( RTIC(2,1)
CALL RECEIVE REAL 64BIT( RTIC(2,2)

* CALL RECEIVE REAL 64BIT( RTIC(2,3)

CALL RECEIVE REAL_64BIT( RTIC(3,2)
CALL RECEIVE REAL 64BIT( RTIC(3,2)

* CALL RECEIVE REAL 64BIT( RTIC(3,3)
* CALL RECEIVE-REAL-_64BIT( RTIC(4,1)
* CALL RECEIVE REAL 64BIT( RTIC(4,2)

CALL RECEIVE-REAL-64BIT( RTIC(4,3)
* CALL RECEIVE REAL 64BIT( RTI(5,1)

* CALL RECEIVE-REAL-64BIT( RTIC(5,2)* CALL RECEIVEREAL_64BIT( RTIC(5,3) I
C ---------------------------------------------------------------------- C
C..........----------------- MIDCOURSE CORRECTION C-------------------C
C ---------------------------------------------------------------------- C
C Models uplink of interceptor, C
C target, and intercept conditions C
C C
C - --------------------------------------------------------------------- C I

I
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IF ((DABS(T-TUPLK1).LE.DTEPS ) OR.
* (DABS(T-TUPLK2).LE.DTEPS ) THEN

C REVISE ESTIMATED TARGET STATES

RTEST(1) = RTIC(l,l)
RTEST(2) = PTIC(l,2)
RTEST(3) = RTIC(1,3)

VTEST(1) = VTIC(l,l)
VTEST(2) = VTIC(1,2)
VTEST(3) = VTIC(1,3)

GRTEST(I) = GRT(l,l)
GRTEST(2) = GRT(1,2)
GRTEST(3) = GRT(1,3)

TL2 = T

ENDIF

C----------------------------------------------------------------------------- C
C------------------------------- ON BOARD TARGET MODULE-------------------- C
C----------------------------------------------------------------------------- C
C Estimate target position based on C
C predicted intercept conditions C
C C
C----------------------------------------------------------------------------- C

IF ( TSTEP .GE. TGPUDRIV ) THEN

TGPUDRIV =TGPUDRIV + TGPUSTEP

C GRTEST TEMPORARILY EQUAL TO GRT

GRTEST(l) = GRT(1,l)
GRTEST(2) = GRT(1,2)
GRTEST(3) = GRT(1,3)

CALL OBTARG (T, GRTEST, RTEST,VTEST, TL2)

ENDIF

CALL RECEIVEREAL_-32B1T( MAGRTR
CALL RECEIVEREALE 4BIT( LAMDXX(1)
CALL RECEIVE_REAL_64B1T( LAMDXX(2)

CALL RECEIVE REAL_64B1T( RMIR(l)
CALL RECEIVE REALE4BIT( RMIR(2)
CALL RECEIVE REAL_6481T( RMIR(3)
CALL RECEIVE REAL_64B1T( VMIR(l)
CALL RECEIVE REAL_64B1T( VMIR(2)
CALL RECEIVE REAL_64B1T( VMIR(3)
CALL RECEIVE REAL_32BIT( T12M(l)
CALL RECEIVE REAL_32BIT( T12M(2)
CALL RECEIVE REAL_32B1T( T12M(3)
CALL RECEIVE REAL_32B1T( T12M(4)
CALL RECEIVE REAL_32811( T12M(5)
CALL RECEIVE RFAL_32B1T( T12M(6)
CALL RECEIVE REAL_32B1T( T12M(7)
CALL RECEIVE REAL_32BIT( T12M(8)
CALL RECEIVEREAL_32BIT( T12M(9)

C----------------------------------------------------------------------------- C
C------------------------------- ESTIMATED RELATIVE STATES MODULE---------- C
C----------------------------------------------------------------------------- C
C Estimate range, range rate, and time-to- C
C go based on navigation output and target C
C model estimates C
C C
C----------------------------------------------------------------------------- C

IF ( ISTEP .GE. TGPUDRIV ) THEN

TGPUDRIV = TGPUDRIV + TGPUSTEP

CALL ESTREL(RTEST,VTEST,RMIR,VMIR,T:T2M,CMS,ESTATE,RREL,VREL,

MAGR, MAGV, URREL, MGRDOT, TGO,MITER, YAWER, LAMD)

ENDI F



56 Annual Report: Digital Emulation Technology Laboratory Volumie 1, Part 3

PITERO = PITERI
YAWERO - YAWER

CALL SEND REAL 32BIT( URREL(l)
CALL SEND REAL 32BIT( URREL(2)CALLSENDREAL32BI( UREL(I
CALL SEND REAL 32BIT( RREL(3)
CALL SEND REAL 32BIT( RREL(1)
CALL SENDREAL_32B1T( RREL(2)
CALL SEND REAL 32BIT( RREL(3)
CALL SEND REAL 32BIT( VREL(l)
CALL SEND REAL 32BIT( VREL(2)I
CALL SEND REAL 32BIT( VRE(3

CALL SEND REAL 32BIT( TG
CALL SEND REAL 32BIT( MAGR
CALL SEND REAL 32BIT( MAGVR

CALL SEND REAL 32BIT( YAWERD

n eeker
CALL SENDSIGNED l6BIT( ACQD

CALL RECEIVE REAL_32B1T( FRMRAT

CALL RECEIVE REAL_32B1T( LAMMD(1)
CALL RECEIVE REAL_32B1T( LAMMO(2)
CALL RECEIVE REAL_32B1T( RRELO(l)

CALL RECEIVE REAL_32BIT( RRELO(2)I
CALL RECEIVE REAL_32B1T( RRELO(3)
CALL RECEIVE REALJ2BIT( SNRO)
CALL RECEIVE REAL_32B1T( T12MO(1)
CALL RECEIVE REAL_32B1T( T12MO(2)
CALL RECEIVE REAL_3281T( T12MO(3)
CALL RECEIVE REAL_32B1T( T12MO(4)I
CALL RECEIVE REAL_32B1T( T12MO(5)
CALL RECEIVE REAL_32B1T( T12MO(6)
CALL RECEIVE REAL_32B1T( T12MO(7)
CALL RECEIVE REAL_32B1T( T12MO(8)
CALL RECEIVE REAL_32BIT( T12MO(9)I
CALL RECEIVE REAL_32B1T( VRELO(1)

CALL RECEIVE REAL_32B1T( VRELO(2)
CALL RECEIVEREAL_32B1T( VRELO(3)

C------------------------------ ------------------- -------- C 
C------------------------------- KALMAN FILTER MODUJLE---------------------- C
C----------------------------------------------------------------------------- C
C Filter LOS angles C
C C

C----------------------------------------------------------------------------- C

IF ( TSTEP .GE. TKFUDRIV ) THEN

TKFUDRIV = TKFUDRIV + TKFUSTEPI

CALL FILTER IF 2:;R IS .U'I~i

IF ( SNRO.GE.SNRACQ .OR. SEKTYP.NE.2 ) THEN

IF (SEKTYP.EQ.1 .OR. SEKTYP.EQ.2) THEN
ASIG = (32.56*SNRO**(-O.299l2I)*l.OE-6

ENDIF

CALL KALMAN (T, T12M, LAMMO, ASIG, SNRO, TGO, RRELO, VRELO,I

T12MO, RACQ, MAGRTR, MAGR, MAGV, LAMSEK. LAMDXX, FRMRAT, CMS,
MACQ, MCSO, MTERM, TRACK, TERM, TRMTGO, TGEl,
TGE2AL, WFILT, ZFILT, LAM, LAMD, IBURN , ACOD, ESTATE,

ENDIFPITER, 
YAWER, TGIL)

ENDIFI
CALEND _EL 2BTFTI

CALL SEND REAL 32BIT( PTIL
CALL SEND REAL 32BIT( PITER
CALL SEND REAL 64BIT( YAWER I
CALL SEND REAL 64BIT( LAND(2)

CALL SEND REAL 32SIT( TRMTGO
CALL SEND REAL 32BIT( TGE1 )
CALL SENDREAL_32BIT( TGE2ALU
CALL SEND SIGNED 16BITI IBURN1

CALL SENDSIGNED_16BIT( ESTATE
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IF ( TSTEP.GE.TAPUDRIV ) THEN
TAPUDRIV = TAPUDRIV + TAPUSTEP

IF ( T.GE.TKVON ) THEN

IF ( TGO.LE.TGEl .AND. IBURN1.EQ.0 ) THEN
The IBURNi assignment was moved from the partition with VCSLOG

IBURNI = 1
ENDIF

ENDIF
ENDIF

C----------------------------------------------------------------------------- C
C-------------------------------- TERMINATION LOGIC------------------------- C
C----------------------------------------------------------------------------- C
C Defines the simulation termination C
C conditions C
C C
C----------------------------------------------------------------------------- C

C increment time

TSTEP = TSTEP + 1.000
T =TSTEP * DELT

C CONTINUE LOOPING UNTIL ONE OR MORE EXIT CONDITIONS HAVE BEEN MET

CALL RECEIVESIGNED_1EBIT( IEXIT

*LOOP* STOP

IF ( IEXIT.EQ.0 ) GO TO 1D00

*LOOP* EPILOGUE

END

FILE: uuv22.19g/debug/uublkl3. for

PROGRAM BLK13

IMPLICIT REAL (A-H)
IMPLICIT REAL (O-Z)

REAL ALFAP
REAL ALFAT
REAL ALFAY
REAL CA
REAL CG(3)
REAL CN
REAL DELT
REAL OTEPS
REAL FXA
REAL FYA
REAL FZA
INTEGER IAERO
INTEGER IEXIT
REAL MACH
REAL MVRWM
REAL MXA
REAL MYA
REAL MZA
REAL QA
REAL RHO
REAL T
REAL TBRK
INTEGER*4 TOSEED
REAL TSTEP
REAL TSTGI
REAL TSTG2
REAL VRWM(3)
REAL VSND
REAL XCP

STNCLUDE('/INCLUDE/SSBLK13.DAT')

*LOOP* PROLOGUE
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*INITIALIZE 80x87

CALL CW87I

C INITIALIZE UNIFORM RANDOM NUMBER GENERATOR
CALL RANIT ( TOSEED)

initialization for purpose of delaying receipt of actual valuesI

VSND = 1116.45
VRWM(1) = 0.0
VRWM(2) = 0.0

VRWM(3) = 0.0I

C------------------------------------------------

C ---------------------------------------MANEEUINL------ ------------------- CU

C----------------------------------------------------------------------------- C
C Execution of all events is performed C
C within this loop C
C C
C----------------------------------------------------------------------------- C

1000 CONTINUE

*LOOP* START

CALL RECEIVE REAL_32B1T( CG(l)I
CALL RECEIVEREAL_32B1T( CG(2)

CALL RECEIVEREAL_32B1T( CG(3)

C----------------------------------------------------------------------------- C
C-------------------------------- AERODYNAMICS MODULE---------------------- CI
C----------------------------------------------------------------------------- C
C Computes the aerodynamic forces and C
C moments C
C C

C----------------------------------------------------------------------------- C

IF ( T.LE. (TSTG2+OTEPS) ) THEN
CALL AERO(T,VRWM,CG,MVRWM,RHO,VSND, IAERO,TBRK,OA,MACH,

alfat,ALFAP,ALFAY,CA,CN,XCP,FXA,FYA,FZA,MXA,MYA,MZA)

ENDIFI

IF ( ABS(T-TSTG1).LE.DTEPS ) THEN
IAERO =1

ENDIF

These values are delayed so that AERO can run soonerI
CALL RECEIVEREAL_32B1T( RHO
CALL RECEIVEREAL_32BIT( VSND

CALL SEND REAL 3281T( MACHI
CALL SEND REAL 32BIT( QA
CALL SEND REAL 32BIT( FXA
CALL SEND REAL 32B1T( FYA
CALL SEND REAL 32BIT( FZA
CALL SEND REAL 32BIT( MXA
CALL SENDREAL_32B1T( MZA)I
CALL SENDREAL_32B1T( MYA

"These values are delayed so that AERO can run sooner

CALL RECEIVEREAL_32B1T( VRWM(l)
CALL RECEIVE REAL_32B1T( VRWM(2)I
CALL RECEIVE REAL_32BIT( VRWM(3)

CALL RECEIVE REAL_32B1T( MVRWM)

C----------------------------------------------------------------------------- C
C------------------------------------------- TRIAINLGC---------------------- -- CI
C--------------------------------------TO I----------------------- ----- C
C Defines the simulation termination C
C conditions C
C C

C----------------------------------------------------------------------------- CU

C increment time

TSTEP = TSTEP+ -

T = TSTEP * DELTI

C CONTINUE LOOPING UNTIL ONE OR MORE EXIT CONDITIONS HAVE BEEN MET
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CALL RECEIVE_SIGNED_1EBIT( IEXIT

*LOOP* STOP
IF ( IEXIT.EQ.0 ) GO TO 1000

*LOOP* EPILOGUE

END

FILE: uuv22.19g/debug/uublkl4. for

PROGRAM BLK14

IMPLICIT REAL (A-H)
IMPLICIT REAL (O-Z)

REAL ACSLEV
REAL BFXACS
REAL BFYACS
REAL BFZACS
REAL BMDOTA
REAL BMXACS
REAL BMYACS
REAL BMZACS
REAL CG(3)
REAL DELT
REAL DTACSB(4)
INTEGER IACSONB
INTEGER IEXIT
INTEGER ITHRES
REAL T
REAL TATAB
REAL TKVON
INTEGER*4 TOSEED
REAL TSTEP

SINCLUDE C' ̂/INCLUDE/SSBLK14 .DAT')

*LOOP* PROLOGUE

*INITIALIZE 80x87
CALL CW87

C INITIALIZE UNIFORM RANDOM NUMBER GENERATOR
CALL RANIT ( TOSEED)

C----------------------------------------------------------------------------- C
C-------------------------------- MAIN EXECUTION LOOP---------------------- C
C----------------------------------------------------------------------------- C
C Execution of all events is performed C
C within this loop C

C
C----------------------------------------------------------------------------- C

1000 CONTINUE
*LOOP* START

C from MASSPR
CALL RECEIVE REAL 32BIT( CG(1)
CALL RECEIVE REAL 32BIT( CG(2)
CALL RECEIVEREAL_32BIT( CG(3)

C----------------------------------------------------------------------------- C
C-------------------------------- ACS THRUSTER RESPONSE MODULE------------- C
C----------------------------------------------------------------------------- C
C Determines the forces and moments C
C imparted by the ACS thrusters C
C C
C----------------------------------------------------------------------------- c

IF ( T.GE.TKVON ) THEN

CALL ACSTHB(T,CG,ACSLEV,CTAC-SBJA:AB,TOSEED,
ITHRES,BFXACS,BFYACS,BFZACS,BMXACS,BMYACS,BMZACS,

BHOOTA, IACSONB)
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ENDII
CALL SENDREAL 32BIT( BFXACS
CALL SENDREAL_32BIT( BFYACS
CALL SEND REAL 32BIT( BFZACS
CALL SENDREAL_32B1T( BMXACSI
CALL SEND REAL J2BIT( BMYACS
CALL SEND REAL 32BIT( BMZACS
CALL SEND REAL 32BIT( BMDOTA
CALL SEND_SIGNED-l6BIT( IACSONB

" kvauto
CALL RECEIVE REAL J2BITi ACSLEV
CALL RECEIVESIGNED-lEBIT( ITHRES

"resthr
CALL RECEIVEREAL -32BIT( DTACSB(1)I
CALL RECEIVE_REAL_32B1T( DTACSB(2)

CALL RECEIVEREAL -32BIT( DTACSB(3)
CALL RECEIVEREAL_32B1T( DTACSB(4)
CALL RECEIVEREAL_32BIT( TATAB)

C----------------------------- ----------------------------------------------- CI
C-------------------------------- TERMINATION LOGIC------------------------- C
C----------------------------------------------------------------------------- C
C Defines the simulation termination C
C conditions C
C CI
C----------------------------------------------------------------------------- C

C increment time

TSTEP -TSTEP + 1.0I

T =TSTEP *DELT

C CONTINUE LOOPING UNTIL ONE OR MORE EXIT CONDITIONS HAVE BEEN MET

CALL RECEIVE_SIGNED 16BIT( IEXIT)

*LOOP* STOP
IF ( IEXIT.EQ.0 ) GO TO 1000

*LOOP* EPILOGUE3

END

FILE: uuv22.19g/debuq/uubik15.for

PROGRAM BLK15

IMPLICIT DOUBLE PRECISION (A-H)

IMPLICIT DOUBLE PRECISION (O-Z)I

INTEGER ACQD
REAL ACSLEV
REAL ADISTT(4, 3)

DOUBLE PRECISION ANVPI
ROEA PRACSIONDE)
REAL DTACSB(4)

DOUBLE PRECISION OTEPS
REAL DTOFFV(4)I
DOUBLE PRECISION Di'SAMP
DOUBLE PRECISION DTVCSP(3)
DOUBLE PRECISION DTVCSY(3)
DOUBLE PRECISION FLTC(4)

DOUBLE PRECISION FLTCPI
DOUBLE PRECISION FLTCY
INTEGER IACSON
INTEGER IACSONA
INTEGER IACSONB

!NTEGER IBURNIN
INTEGER IBURN2
INTEGER IBURN3
INTEGER IBURND
INTEGER IBUR!NM

INTEGER ICMDI
INTEGER IDMES
INTEGER IDROPS INTEGE IDRI
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INTEGER IEXIT
INTEGER IPASSM
INTEGER ITHRES
INTEGER IVCS
INTEGER IVTAB
REAL IXX
REAL IYY
REAL IZZ
DOUBLE PRECISION LAMD(2)
REAL MAGV
DOUBLE PRECISION MASS
INTEGER MIDBRN
REAL PITER
REAL ROLLER
REAL SP
REAL SQ
REAL SR
DOUBLE PRECISION SW80
DOUBLE PRECISION T
DOUBLE 'RECISION TAPUDRIV
DOUBLE =RECISION TAPUSTEP
REAL TATAB
REAL TBURNM
DOUBLE PRECTcION TBURNP
DOUBLE PRECISION TBURNY
DOUBLE PRECISION TCMINV
DOUBLE PRECISION TCWAIT
DOUBLE PRECISION TDROP
REAL TGE1
DOUBLE PRECISION TGE2
REAL TGE2AL
DOUBLE PRECISION TGI1P
DOUBLE PRECISION TGIlY
DOUBLE PRECISION TGI2P
DOUBLE PRECISION TGI2Y
DOUBLE PRECISION TGI3P
DOUBLE PRECISION TGI3Y
REAL TGIL
REAL TGO
DOUBLE PRECISION TGOFLM
REAL TIMONV
DOUBLE PRECISION TKVON
DOUBLE PRECISION TLAPS
DOUBLE PRECISION TMAUTO
DOUBLE PRECISION TNEXT
REAL TOFFLT(4)
DOUBLE PRECISION TOFLTM
DOUBLE PRECISION TPATON
DOUBLE PRECISION TRATON
REAL TRMTGO
DOUBLE PRECISION TSAH
DOUBLE PRECISION TSAL
DOUBLE PRECISION TSTEP
DOUBLE PRECISION TSTG2
REAL TVTAB
DOUBLE PRECISION TYATON
REAL VGM(3)
REAL YAWER

$INCLUDE(U^/INCLUDE/SSBLK15.DAT
'
)

*LOOP* PROLOGUE

* INITIALIZE 80x87

CALL CW87

C ---------------------------------------------------------------------- C
C ----------------------------- MAIN EXECUTION LOOP --------------------- C
C ---------------------------------------------------------------------- C
C Execution of all events is performed C
C within this loop C
C C
C ---------------------------------------------------------------------- C

1000 CONTINUE
*LOOP* START

CALL RECEIVE REAL 64BIT( MASS
CALL RECEIVE-REAL-32BIT( lXX
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CALL RECEIVE REAL 32BIT( IYY
CALL RECEIVE-REAL-32BIT( IZZ U
CALL RECEIVE SIGNED 16BIT( IACSONA

CALL RECEIVE SIGNED 16BIT( IACSONB
CALL RECEIVE-REAL 32BIT( SP
CALL RECEIVE REAL 32BIT( SQ
CALL RECEIVE REAL 32BIT( SR I
CALL RECEIVE REAL 32BIT( TOO

CALL RECEIVE REAL 32BIT( MAGV
CALL RECEIVE SIGNED 16BIT( ACQD
CALL RECEIVE SIGNED 16BIT( IDROP
CALL RECEIVE SIGNED 16BIT( IBURND I
CALL RECEIVE SIGNED 16BIT( IBURNM
CALL RECEIVE SIGNED 16BIT( IDMEAS
CALL RECEIVE-REAL 32BIT( ADISTT(1,1)
CALL RECEIVE REAL 32BITC ADISTT(1,2)
CALL RECE7'E REAL 32BITC ADISTT(1,3) I
CALL RECEIVE REAL 32BIT( ADISTT(2,1)
CALL RECEIVE REAL 32BIT( ADISTT(2,2)
CALL RECEIVEREAL_32BIT( ADISTT(2,3)
CALL RECEIVE REAL 32BIT( ADISTT(3,1)
CALL RECEIVE REAL 32BIT( ADISTT(3,2) I
CALL RECEIVE REAL 32BITC ADISTT(3,3)
CALL RECEIVE REAL 32BITC ADISTT(4,I)
CALL RECEIVE REAL 32ITC ADISTT(4,2)
CALL RECEIVE REAL 32BIT( ADISTT(4,3)
CALL RECEIVE REAL 32BITC VGM(1)
CALL RECEIVE REAL 32BIT( VGM(2) I
CALL RECEIVE REAL 32BITC VGM(3)

CALL RECEIVE SIGNED 16BIT( IVCS
CALL RECEIVE-REAL 32BIT( TGIL
CALL RECEIVE REAL 32BIT( PITER
CALL RECEIVE REAL 32BIT( YAWER )
CALL RECEIVE REAL 64BIT( LAMD(1)

CALL RECEIVE REAL 64BIT( LAMD(2)
CALL RECEIVE REAL 32BIT( TRMTGO
CALL RECEIVE REAL 32BIT( TGEI )
CALL RECEIVE-REAL-32BIT( TGE2AL I
CALL RECEIVE-SIGNED 16BIT( IBURNI

CALL RECEIVEREAL_32BIT( ROLLER

IF ( TSTEP .G,. TAPUDRIV ) THEN

TAPUDRIV = TAPUDRIV + TAPUSTEP

IF ( T.GE.TKVON ) THEN

CALL VCSTH2CT, FLTC,FLTCP, FLTCY, ?
O F -

T
, 

TM NV)

ENDIF

ENDIF

C----------------------------------------------------------------- - ------- C
C ------------------------------- AUTCPILOTS ----------------- --- C
C ---------------------------------------------------------------- . C
C C
C ---------------------------------------------------------------------- C

IF C TSTEP .GE. TAPUDRIV ) THEN

TAPUDRIV = TAPUDRIV , TAPUSTEP

C ---------------------------------------------------------------------- C
C -------- MIDCOURSE AUTOPrLOT M.C J-- Ci
C ---------------------------------------------------------------------- C
C Performs arge a2gle reor-ers ana ra-e CC control ouring midcc,;cs- C

IF ( T.GE.TKVON ) THEN i
(above) CALL VCSTMH(T,FLTC, FL--P,FLTCYTOFFLT,,T:MCNV)

T.GT.TS:S2 .AND. T.GE.'MAJT .AND.
( 7CMO.NE.0 .OR. ACQD.EQ.0) ) THEN

NOSE FA:R:N' ,/ BCCST ADAPTER SEPW'IATI('.. I
I



I
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IF ( IDROP.EQ.1 .OR. (DABS(T-TDROP).LE.DTEPS) THEN
IPASSM = 0

ENDIF

IF ( ( IACSONA .EQ. 1 ) OR. ( IACSONB .EQ. 1 ) ) THEN
IACSON = 1

ELSE
am IACSON =0

Im ENDIF

CALL MCAUTO(T, IXX, IYY, IZZ,SP,SQ, SR,ROLLER,PITER,
YAWER, IDIST, IACSCN, IBURND, IBURNM, IDMEAS,IPASSM,

ICMD, TRATON, TPATON,TYATON,DTSAMP,TSAL, TSAH,

ENDIFTLAPS, ITHRES,ANVP,ACSLEV,TMAUTO)

C ---------------------------------------------------------------------- C
C ..---------------------------- KV AUTOPILOT MODULE -------------------- C
-C --------------------------------------------------------------------- C
C Calls the various ACS autopilot C
C modes used fcr controlling the C

C kill vehicle attitude during flight. C
C Its purpose is to define which C
C thruster to burn, for how long, and at C

C what thrust level. C
C C

CALL KVAUTO(T,SP,SQ SR,FLTCP,FLTCY,IXX,IYY,IZZ,ADISTT,
ROLLER,PITER, YAWER, TCWAIT, IDIST,SW80,TSAL, TSAH,
TNEXT, TLAPS,ANVP,DTSAMP,ACSLEV, TRATON, TPATON,
TYATON, ITHRES)

C ---------------------------------------------------------------------- C
C ---------------------------- VCS LOGIC MODULE C------------------------C
C ---------------------------------------------------------------------- C
C Controls the kill vehicle velocity by C
C determining the appropriate VCS thruster C

C on and off times. C
CC
C ---------------------------------------------------------------------- C

CALL VCSLOG(T,MASS,LAMD,TGO,MAGV,:TGL,TRMTGO,TGE2AL,
TGE1,VGM,IVCS,IDMEAS,IBURNM,MIDBRN,IBURNIJRURN2,

IBURN3,bDIST,FLTC.FLTCP.,FLTCY,TSAL,TSAH, TCFFLT,
TOFLTM, TBURNP,TBURNY, TGE2,TGIIP,TGI2P,T:3P,
TGIlY,TGI2Y, TGL3Y, TIMONV, TGOFLM,TCWAIT,DTVCSP,
DTVCSY, DTOFFV, TBURNM)

C SET FLAG TO COMPUTE VCS THRUSTER RESPONSE TABLE

IVTAB = 1
TVTAB = T

----------------------------- C
C ----------------------------- ACS RESOLVING LOGIC MODULE -------------- C

----------------------------------------------------------------------- C
C C
CC----------------------------------------------------------------------C

IF ( ITHRES.EQ.1 ) THEN

CALL RESTHR(T,IDIST,ANVP,DTSAMP,TOFLTM,TRATON,
TPATON, TYATON, DTACSA,DTACSB)

BEGINNING TIME OF ACS THRUSTER RESPONSE TABLE

TATAB = T

ENDIF

ENDIF

ENDIF



64 Annual Report: Digital Emulation Technology Laboratory Volume 1, Part 3

"kvautoI
CALL SENDREAL 32B1T( ACSLEV
CALL SEND_SIGNEfD_lEBIT( ITHRES

" vcsiog
CALL SEND_REAL_32BIT( OTOFFV (1)
CALL SEND REAL 32BIT( DTOFFV(2)I
CALL SENDREAL 32BIT( DTOFFV(3)
CALL SENDREAL 32BIT( DTOFFV(4)
CALL SENDSIGNED_16BIT( IVTAB
CALL SENDREAL_32BIT( TPURNM
CALL SENDREAL 32BIT( T-MONVI
CALL SENDREAL 32B1T( T(FFLT(1)
CALL SEND REAL 32B1T( T(FFLT(2)
CALL SEND_REAL_32BIT( TCFFLT (3)
CALL SENDREAL 32BIT( TOFFLT(4)
CALL SEND_REAL_32BIT( TVTAB

resthrI
CALL SENDREAL 32BIT( DTACSA(I)
CALL SEND REAL 32BIT( DTACSA(2)
CALL SEND REAL 32BIT( DTACSA(3)
CALL SEND REAL 32BIT( DTACSA(4)
CALL SEND REAL 32BIT( DTACSB(1)I
CALL SEND REAL 32BIT( DTACSB(2)
CALL SENDREAL -32BIT( DTACSB)3)
CALL SENDREAL -32BIT( DTACSB(4)
CALL SEND_REAL_-32BIT( TATAB

needed by bik0l onlyI
CALL SEND SIGNED-lEBIT( MIDBRN

CALL SEND SIGNED-l6BIT( ICMD
CALL SEND_SIGNED-lEBIT( !DIST)

IF ( T.GE.TKVON ) THEN

The ITHRES assignment was moved from the partition with ACSTHR
I THRE S= 0

IF (IVTAB .EQ. 1) THEN
The IVTAB assignment was moved from the partition with VCSTHR

IVTAB = 0

IF (TBURNM.GE.TCMINV) TBURNM=O.D

ENDIF

C---------------------------------------------

C -------------------------------------- TEMNTO O---------------------------- C

C----------------------------------------------------------------------------- C
C Defines the simulation termination C

conditions C
C C

C----------------------------------------------------------------------------- C

C increment time

TSTEP = TSTEP + 1.ODO
T = TSTEP *DELTI

C CONTINUE LOOPING UNTIL ONE OR MORE EXIT CONDITIONS HAVE BEEN MET

CALL RECEIVE_SIGNED-lEBIT( IEXI'r
*TOOP* STOPI

IF ( IEXIT.EQ.0 ) GO TO 1000

*LOOP* EPILOGUE

END

FILE: u~v22.19q/debuq/uub~k16.for1

PROGRAM BLX16

IMPLICIT REAL (A-H)I
IMPLICIU REAL (O-Z)
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REAL ACQRM
REAL AQRERR
REAL AQRU
REAL DELT
INTEGER FRMCNT
REAL FRMRAT

INTEGER IEXIT
INTEGER KFSF
REAL LAMM(2)
REAL LAMMO(2)
REAL LAMSEK(2)

INTEGER LATCH
REAL MAGRTR
REAL RACQ
REAL RREL(3)
REAL RRELO(3)
REAL SAMACQ
REAL SAMRAT
INTEGER*4 SKSEED
REAL SNR
REAL SNRO
REAL T
INTEGER TERM
REAL TI2M(9)
REAL TI2MO(9)
REAL TKFU
REAL TKFUDRIV
REAL TKFUSTEP
INTEGER*4 TOSEED
INTEGER TRACK
REAL TSPUDRIV
REAL TSPUSTEP
REAL TSTEP
REAL VREL(3)
REAL VRELO(3)

$INCLUDE('^/INCLUDE/SSBLK16.DAT')

*LOOP* PROLOGUE

* INITIALIZE 80x87
CALL CW87

C INITIALIZE UNIFORM RANDOM NUMBER GENERATOR
CALL RANIT ( TOSEED )

C ---------------------------------------------------------------------- C
C ----------------------------- MISSILE STATE INITIALIZATION MODULE --- C

C---------------------------------------------------------------------------- C
C Initialize integrated missile states CC C
C ---------------------------------------------------------------------- C

C INITIALIZE SEEKER PARAMETERS

SAMRAT = SAMACQ
CALL NORM(AQRU, D.0, SKSEED,AQRERR)
RACQ = ACQRM + AQRERR

C ......... C
---------------------------- MAIN EXECUTION LOOP-------------C

C ---------------------------------------------------------------------- C
C Execution of all events is performed C
C within this loop C

C C
C ------------------- C

1000 CONTINUE
.LOOP START

CALL RECEIVE REAL 32BIT( MAGRTR I
CALL RECEIVE-REAL-32BIT( LAMSEK(1)
CALL RECEIVEREAL-32BIT( LAMSE?(2)

CALL RECEIVE REAL 32B:T T:2M(I)
CALL RECEIVE-REAL-32B1T( T:2M(2)
CALL RECEIVE -REAL-32B1?) TI2M(3)
CALL RECEIV- RFA.-32RTT( T:2M(4)
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CALL RECEIVEREAL_32BIT( T12M(5)CALLRECEVE-EAL-2BI( T1M(6
CALL RECEIVE REAL 32BIT( T12M(7)
CALL RECEIVE REAL 32BIT( T12M(8)
CALL RECEIVE REAL 32BIT( T12M(9)

may want to look at reordering these
CALL RECEIVE REAL 32BIT( RREL(l)
CALL RECEIVE REAL 32BIT( RRELC2)

CALL RECEIVEREAL_32BIT( RREL (3)
CALL RECEIVE REAL 32BIT( VREL(l)
CALL RECEIVE REAL 32B1T( VREL(2)

CALL RECEIVE_REAL_3231TC VREL(3)I

CALL RECEIVESIGNED-lEBIT( ACQD

C----------------------------------------------------------------------------- C
C------------------------------- SEEKER MODULE------------------------------ CI
C----------------------------------------------------------------------------- C
C Calculates LOS angles measured by the C
C seeker C
C C
C----------------------------------------------------------------------------- CI

IF ( TSTEP .GE. TSPUDRIV )THEN

TSPUDRIV = TSPUDRIV + TSPUSTEP

CALL SEEKER (T,ACQD, LAMSEK, MAGRTR, SKSEED, FRMRAT, FRMCNT,I
SAMRAT, TRACK. TERM, SNR, LAMM)

ENDIF

CALL SENDREAL_32BIT( FRMRAT

IF ( TSTEP .GE. TSPUORIV ) THEN

TSPUDRIV = TSPUDRIV + TSPUSTEP

C EMULATE SIGNAL PROCESSING LAG

LATCH = 1
CALL SSPLAG CT, LAMM, RREL, VREL, TI2M, SNR, LATCH, KFSF, TKFU,

LAMMO, RRELO, VRELO, TI2MO, SNRO)I

ENDIF

IF ( TSTEP .GE. TKFUDRIV ) THEN

TKFUDRIV = TKFUORIV + TKFUSTEP

C GET FILTER INPUTS APPRORIATE FOR THIS PASS

LATCH = -1I
CALL SSPLAG(CT, LAMM, RREL, VREL, T12M, SNR, LATCH, KFSF, TKE'U,

LAMMO,RRELO,VRELO,TI2MO,SNRO)

ENDIF CALLSENDREA.32BI( LAMO~I
CALL SENDREA.. 32BIT( LAMMO(2)
CALL SENDREAL 32BIT( LAMMO(2)
CALL SENDREAL 32BIT( RRELO(2)

CALL SENDREAL 32BIT( RRELO (2)

CALL SENDREAL 32BIT( RNRO()I
CALL SENDREAL -32BIT( SNRO',(I
CALL SENDREAL -32BIT( TI2,1<r)(2
CALL SENDREAL -32BIT( T12MIO(3)
CALL SENDREAL -32BIT( T12MO(4)
CALL SENDREAL -32BIT( T12M0C5)C
CALL SENDREAL -32BIT( T12MO(6) I
CALL SENDREAL -32BITC T12MOCEC
CALL SEND_REAL_-32BITC T12MO(8)

CALL SENDREAL -32BIT( T12MOC9)
CALL SENDREAL -32.31'( VRELOCICC
CALL SEND REAL -32BIT( VRELOC2C
CALL SEND_REAL_32BITC VRELOC3C

C--- ---------------------------------------------------------------- CI
C-------------------------------- TERMINATION 1LOGIC------------------------- C
--- ---------------------------------------------------------------- C
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C Defines the simulation termination C

C conditions C

C C

C ---------------------------------------------------------------------- C

C increment time

TSTEP = TSTEP + 1.0
T = TSTEP * DELT

C CONTINUE LOOPING UNTIL ONE OR MORE EXIT CONDITIONS HAVE BEEN MET

CALL RECEIVESIGNED_16BIT( IEXIT
*LOOP* STOP

IF ( IEXIT.EQ.0 ) GO TO 1000

*LOOP* EPILOGUE

END

FILE: uuv22.19g/debug/uublkl7.for

PROGRAM BLK17

IMPLICIT REAL (A-!!
IMPLICIT REAL (O-Z)

INTEGER ACQD
REAL ADISTT(4, 3)
REAL DELT
REAL DLV(3)
REAL DTCVU
REAL DTEPS
REAL DTMP1
REAL DTSPVC
INTEGER ESTATE
INTEGER FLIP
INTEGER IBURND
INTEGER IBURNM
INTEGER ICMU
INTEGER IDIST
INTEGER iDMEAS
INTEGER IDPASS
INTEGER IDROP
INTEGER IEXIT
INTEGER IMCEND
INTEGER IVCS
REAL MAGR
REAL MAGV
REAL MASS
INTEGER MIDBRN
REAL MVR
REAL MVS
REAL PITERD
REAL RMIR (3)
REAL ROLLER
INTEGER SEKTYP
REAL SNRACQ
REAL SNRO
REAL SP
REAL SQ
REAL SR
REAL T
REAL TAPUDRIV
REAL TAPUSTEP
REAL TCORV
REAL TDROP
REAL TFFE
REAL TGPUDRIV
REAL TGPUSTFP
REAL TI2M(9)
REAL TKFUDRIV
REAL TKFUSTEP
REAL TKVON
REAL TMGUID
INTEGER*4 TOSEED
REAL TSTEP
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REAL TSTG2

REAL TTFI

REAL URREL(3)
REAL UVS(3)
REAL VC(3)

REA IG3
REAL VG(3)
REAL VMI(3)
REAL VMI(3)
REAL VS(3)
REAL VTTI(3)

REAL VTTIC(3)I
REAL YAWERO

$INCLUDE( '/INCLUDE/SSBLK17.DAT')

*LOOP* PROLOGUEI

*INITIALIZE 80x87
CALL CW87

C INITIALIZE UNIFORM RANDOM NUMBER GENERATORI
CALL RANIT ( TOSEED

C INITIALIZE
VTTP(1) - VTTIC(1)
VTTP(3) = VTTIC(3)I
VTTP(2) = VTTIC(3)

----- ------- --- -------------------------------------------------- C
C-------------------------------- MAIN EXECUTION LOOP---------------------- CI
C----------------------------------------------------------------------------- C
C Execution of all events is performed C
C within this loop C
C C

C----------------------------------------------------------------------------- CI

1000 CONTINUE

*LOOP* START

CALL RECEIVEREAL_32B1T( MASS_

CALL RECEIVEREAL_32B1T( RMIR (1)

CALL RECEIVEREAL_32B1T( RMIR (2)
CALL RECEIVE REAL_.32B1T( RHIR (3)I
CALL RECEIVEREAL_32BIT( VMIR_ (1)
CALL RECEIVE REAL_32B1T( VMIR (2)
CALL RECEIVE REAL_32BIT( VMIR_ (3)
CALL RECEIVEREAL_32B1T( SP
CALL RECEIVEREAL_32B1T( SQ
CALL RECEIVEREAL_32B1T( SRI
CALL RECEIVE REAL_32B1T( T12M(l)
CALL RECEIVE REAL_3;2B1T( T12M(2)
CALL RECEIVEREAL_32BIT( TI2N(3)
CALL RECEIVEREAL_32B1T( T12M(4)
CALL RECEIVE REAL_32B1T( T12M(5)I
CALL RECEIVE REAL_32B1T( TI2M(6)
CALL RECEIVE REAL_32BIT( T12M(7)
CALL RECEIVE REAL_32B1T( T12M(8)
CALL RECEIVEREAL_32B1T( T12M(9)
CALL RECEIVEREAL_32B1T( MVR ?
CALL RECEIVE REAL 32BIT( VTT(l)
CALL RECEIVE REAL 32B1T( VTT(2)
CALL RECEIVE_REAL-32BIT( VTT(3)

C----------------------------------------------------------------------------- CI
C-------------------------------- CORRELATED VELOCITY MODULE---------------- C
C----------------------------------------------------------------------------- C
C This section calculates the correlated C
C velocity vector (VC) through an iter- C
C elctveori rucdbsu-ative process. From VC, the steering CI

C tracting a bias velocity (VDO) from the C
C velocity to be gained (VG). C
C

C----------------------------------------------------------------------------- I
IF ( TSTEP .GE. TGPUDRIV ) THEN



19. Appendix N: EXOSIM 2.0 (End-to-end) 69

TGPUDRIV = TGPUDR:V + TGPUSTEP

IF ( T.GE.TCORV .AND. T.LE. (TTF-DTSPVC) ) THEN

CALL CORVEL(T,MVR,VTT,RMIR_,VMIR_,VTTP,VG,VS,MVS,UVS,VC,

DLV,TFFE,TTFE)

DTMPl = DTCVU *ANINT ( (T+DTCVU) /DTCVU
TCORV = DTMP1

ENDIF

ENDIF

CALL RECEIVE REAL_32BIT( URREL(1)
CALL RECEIVE REAL 32BIT( URREL(2)
CALL RECEIVE REAL 32BIT( URREL(3)
CALL RECEIVE REAL_32B1T( MAGR
CALL RECEIVEREAL 32BIT( MAGV
CALL RECEIVE REAL 32BIT( PITERO
CALL RECEIVEREALJ2BIT( YAWERO

C----------------------------------------------------------------------------- C
C---------------------------- MIDCOURSE GUIDANCE MODULE-------------------- C
C----------------------------------------------------------------------------- C
C Calculates roll error, controls C
C midcourse sequencing, and issues C
C midcourse diverts c
C----------------------------------------------------------------------------- C

IF ( TSTEP .GE. TGPUDRIV ) THEN

TGPUDRIV = TGPUDRIV + TGPUSTEP

IF ( T.GT.TSTG2 .AND.
T.GE.TMGUID .AND. ACQD.EQ.O THEN

C NOSE FAIRING / BOOST ADAPTER SEPARATION

IF ( IDROP.EQ.1 .OR. (ABS(T-TDROP).LE.DTEPS) ) THEN
IDROP = 2

ENDIF

CALL MCGUID(T,TI2M,VG,URREL,MASS ,IDIST,MIDBRN,MAGR,
MAGV,SP,SQ,SR,PITERO,YAWERO,FLIP,IVCS,ICMD, IDMEAS,IDPASS,

IDROP, IMCEND, IBURND, IBURNM, VGM, ADISTT, ROLLER,
TMGUID)

ENDIF

ENDIF

Sseeker
CALL RECEIVESIGNED-lEBIT( ACQD

CALL SEND SIGNED 16BIT( IDROP
CALL SEND SIGNED :EBIT( IBURND
CALL SEND SIGNED 16BIT( IBURNM
CALL SEND SIGNED 16BIT( IDMEAS
CALL SENDREAL_32fB1T( ADISTT(l,l)
CALL SEND REAL 32BIT( ADISTT(1,2)
CALL SEND REAL 32BIT( ADISTT(l,3)
CALL SEND REAL 32B1T( ADISTT(2,l)
CALL SEND REAL 32BIT( ADISTT(2,2)
CALL. SEND REAL 32B1T( ADISTT(2,3)
CALL SEND REAL 32B1T( ADISTT(3,1)
CALL SEND REAL 32B1T( ADISTT(3,2)
CALL SEND REAL 32BIT( ADISTT(3,3)
CALL SEND REAL 32BIT( ADISTT(4,l)
CALL SEND REAL 32BIT( ADISTT(4,2)
CALL SEND REAL 32BIT( ADISTT(4,3)
CALL SEND REAL 32B1T( VGM(l)
CALL SEND REAL 32B1T( VGM(2)
CALL SENDREAL_32BIT( VGM(3)

CALL RECEIVE REAL 32BIT( SNRO
CALL SEND SIGNED 16BIT( !VCS
CALL SEND REAL 32BIT( UVS(1)
CALL SEND REAL 32BIT( UVS(2)
CALL SEND REAL 32BLT( UVS(3)
CALL SENDREAL_32BIT( MVS
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CALL RECEIVE_SIGNED_16BIT( ESTATE)

IF ( TSTEP .GE. TKFUDRIV ) THEN

TKFUDRIV = TKFUDRIV + TKFUSTEP

C CALL FILTER IF SNR IS SUFFICIENTI

IF ( SNRO.GE.SNRACQ .OR. SEXTYP.NE.2 )THEN

IF ( ESTATE.EQ.0 ) THEN

ROLLER = 0.0I

END IF

END IFI

CALL SENDREAL_32B1T( ROLLER

CALL RECEIVE_SIGNED_16BIT( MIDBRN
CALL RECEIVE SIGNED 16BIT( ICMD

CALL RECEIVESIGNED_1EBIT( IDIST

IF ( TSTEP.GE.TAPUDRIV ) THEN
TAPUDRIV = TAPUDRIV + TAPUSTEP

IF ( T.GE.TKVON ) THENI
IF ( IBURNM .EQ. 0 ) THEN

The IBURNM assignment was moved from the partition with VCSLOG
IBURNM = 1

ENDIF

ENDIFI

C---------------------------------------------

C -------------------------------------- TEMNTO O---------------------------- CI

C----------------------------------------------------------------------------- C
C Defines the simulation termination C
C conditions C
C C
C----------------------------------------------------------------------------- C

C increment time

TSTEP - TSTEP + 1.0
T = TSTEP * DELT

C CONTINUE LOOPING UNTIL ONE OR MORE EXIT CONDITIONS HAVE BEEN MET

CALL RECEIVESIGNED_16BIT( IEXIT
*LOOP* STOP

IF ( IEXIT.EQ.0 ) GO TO 1000

*LOOP* EPILOGUE

END3

FILE: uuv22.19gfdebugfuublkl8. for

PROGRAM BLK18

IMPLICIT REAL CA-H)

IMPLICIT REAL CO-Z)I

REAL ATHRF(4)
REAL CGC3)
REAL DELT

REAL OTOFF (4)I
REAL FOFF1(4)
REAL FOFF2(4)
REAL FRCX
REAL FRCY
REAL FRCZ
INTEGER IEXITI
INTEGER IFTAB
REAL KM
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REAL KN
INTEGER LENF(4)
REAL MACH
REAL MDOTF
REAL MRCX
REAL MRCY
REAL MRCZ
REAL QA
REAL T
REAL TBRK
REAL TFRCS
REAL TFTAB
REAL THF(8, 4)
REAL TMF(8, 4)
INTEGER'4 TOSEED
REAL TSTEP
REAL TSTG2
REAL VCMD(4)
REAL VCMDL(4)

$INCLUDE('^/INCLUDE/SSBLK8.DAT')

*LOOP* PROLOGUE

* INITIALIZE 80x87

CALL CW87

C INITIALIZE UNIFORM RANDOM NUMBER GENERATOR
CALL RANIT ( TOSEED )

* initialization for purpose of delaying receipt of actual values

QA = 0.0
MACH = 0.0

C ---------------------------------------------------------------------- C
C ----------------------------- MAIN EXECUTION LOOP --------------------- C
C ------------------------------------------------------------------------ C
C Execution of all events is performed C
C within this loop C
C C
C ---------------------------------------------------------------------- C

1000 CONTINUE
*LOOP* START

C from MASSPR
CALL RECEIVE REAL 32BIT( CG(1)
CALL RECEIVEREAL_32BIT( CG(2)
CALL RECEIVE-REAL-32BIT( CG(3)

C ---------------------------------------------------------------------- C
C ----------------------------- FRACS THRUSTER RESPONSE MODULE --------- C
C ---------------------------------------------------------------------- C
C Models forces and moments generated by C
C the forward reaction control system C
C C
C ---------------------------------------------------------------------- C

IF ( T.GE.TFRCS .AND. T.LE.TSTG2 ) THEN
CALL FRCTHR(T,CG,MACH,QA,VCMD,VCMDLDTOFFTFTAB, IFTAB,

TOSEED,TBRK,TMF,THF, LENF,FRCX,FRCY,FRCZ,MRCX,
MRCY,MRCZ,MDOTF,ATHRF,KN,KM,FOFF1,FOFF2)

ENDIF

CALL SEND REAL 32BIT( FRCX
CALL SEND REAL 32BIT( FRCY
CALL SEND RFAL 32BIT( FRCZ
CALL SEND REAL 32BIT( MRCX
CALL SEND REAL 32BIT( MRCY
CALL SEND REAL 32BIT( MRCZ
CALL SEND REAL 32BIT( MDOTF
CALL SEND REAL 32BIT( FOFFI(I)
CALL SEND REAL 32BIT( FOFFI(2)
CALL SEND REAL 32BIT( FOFFI (3)
CALL SEND REAL 32BIT( FOFFI(4)
CALL SEND REAL 32BIT( FOFF2(l)
CALL SEND-REAL-32BIT( FOFF2(2)
CALL SEND REAL 32BIT( FOFF2(3)
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CALL SEND_REAL_32BIT( FOFF2(4)

"from AERO (delayed)
CALL RECEIVE REAL 32BIT( MACH

CALL RECEIVE_REAL_32BIT( QA

"fracsI
CALL RECEIVE_REAL_32B1T( VCMD(l)
CALL RECEIVEREAL 32BIT( VCMD(2)
CALL RECEIVEREAL 32BIT( VCMD(3)

CALL RECEIVEREAL 32BIT( VCMD(4)
CALL RECEIVESIGNED l6BIT( IFTAB
CALL RECEIVE_REAL_32B1T( TFTAB)

C----------------------------------------------------------------------------- C
C-------------------------------- TERMINATION LOGIC------------------------- C
C----------------------------------------------------------------------------- CI
C Defines the simulation termination C
C conditions C
C C
C----------------------------------------------------------------------------- C

C increment timeI

TSTEP -TSTEP + 1.0
T -TSTEP * DELT

C CONTINUE LOOPING UNTIL ONE OR MORE EXIT CONDITIONS HAVE BEEN MET

CALL RECEIVE_SIGNED_1GBIT( IEXIT

*LOOP* STOP

IF ( IEXIT.EQ.0 ) GO TO 1000I

*LOOP* EPILOGUE

END

FILE: uuv22.19g/debug/uuexosim.txt3

# tfinal
real_32bit
1

145.0I

FILE: uuv22.19g/dutility/makefile

FOFLG code large optimize(3) storage(integer*2)I

OBJECTS=
SSKVAUTO.OBJ\
SSVCSLOG.OBJ\I
UUACCEL.OBJ\
UUCW87.OBJ\
UUESTREL.OBJ\
UUFV2BXI.OBJ\
UUIMUPRO.OBJ\I
UUINTEG.OBJ\
UUINTEGI.OBJ\
UUKALMAN.OBJ\
UUMASSPR.OBJ\

UUNCAUTO.OBJ\I

uUMMK.OBJ \
UUMMLXY.OBJ\
UUNAVIG.OBJ\

UUNORM.OBJ\I
UUOUTME.OBJ\
UUOUANE.OBJ\
UURAN.OBJ\

UURANIT.OBJ\I

UURESP2R.OBJ\
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UURESTHR.OBJ \
UUROTMX.OBJ \
UUTABLE.OBJ \
UUTARGET.OBJ \
UUVCSTH2.OBJ \
UUTIMER.OBJ

LIBRARY = UTILITY.LIB

$ (LIBRARY): $ (OBJECTS)

.for.obj:
ftn286.new $< $(forflags)
bnd286 $*.obj name(S) object($*.lnk) noload noprint
rename $*.Ink over $*.obj
submit :PFP:csd/lib( $(LIBRARY), $*

clean:
delete -.obj,*.lst,$(LIBRARY)

FILE: uuv22.19g/dutility/uuaccel.for

C -----------------------------------------------------------------------
SUBROUTINE ACCEL(T, UD,VD,WD,P,Q,R,PD,QD,RD,CG,CIM,XD,YD, ZD,GR,

GYSEED,QFRACA,PULSEA)
C- -----------------------------------------------------------------------
C
C SUBROUTINE NAME : ACCEL
C
C AUTHOR(S) : D. C. FOREMAN
C
C FUNCTION : ACCELEROMETER MODEL COMPUTES SENSED DELTA
C VELOCITY COUNTS. INCLUDES ROTATIONAL
C EFFECTS, AXIS MISLIGNMENT AND NONORTHOGON-
C ALITY ERRORS, SCALE FACTOR ERRORS, RANDOM
C AND CONSTANT DRIFT AND QUANTIZATION.
C
C CALLED FROM : FORTRAN MAIN
C
C SUBROUTINES CALLED : NORM , RESP2R
C
C INPUTS : T,UD,VD,W0,P,Q,R,PD,QD,RD,CG,CIM,XD,
C YD,ZD,GR
C
C OUTPUTS : NONE
C
C BOTH : GYSEED,QFRACA,PULSEA
C
C UPDATES : T. THORNTON - CR # 004
C T. THORNTON - CR # 016
C B. HILL - CR # 020
C D. SMITH - CR # 021
C B. HILL - CR # 022
C B. HILL - CR # 030
C T. THORNTON - CR # 037
C B. HILL - CR # 038
C D. SMITH - CR # 059
C D. SISSOM - CR # 069
C D. SMITH - CR # 070
C D. SMITH - CR # 075
C D. SMITH - CR # 076
C B. HILL / - CR # 081
C R. RHYNE
C R. RHYNE - CR # 084
C R. RHYNE - CR # 087
C B. HILL - CR # 093
C
C -----------------------------------------------------------------------

IMPLICIT DOUBLE PRECISION (A-H)
IMPLICIT DOUBLE PRECISION (3-Z)

DOUBLE PRECISION AB:C(3) , AB1(3) , AB12(3)
DOUBLE PRECISION ABOO(3) ABO1(3) , ABO2(3)
REAL CG(') , Cim(9)
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DOUBLE PRECISION DCAO3)
DOUBLE PRECISION DVEL'(3) , GRAV(3) IU33
DOUBLE PRECISION DUM1(3) , DUVG(3) DU3)
DOUBLE PRECISION GR(3)
DOUBLE PRECISION GRLST(3) ,LIMU(3) ,PULSEA(3)

DOUBLE PRECISION OFRACA(3) ,SF1A(3) ,SF2A(3)

DOUBLE PRECISION XIMUI3) , YDPA(3)I
DOUBLE PRECISION SFEA(3) , WDA(3)

REAL P, Q, R, PD, CD, RD

INTEGER*4 GYSEEDI

C LOCAL DATA USED FOR CONSTANTS, VARIABLES ANDJ INITIALIZATION FLAG

SAVE IACCEL3

*DATA INITIALIZATION
SINCLUDE C' 'INCLUDE/SSACCEL. DAT I
SINCLUDE (S'VINCLUDE/SSCON15.DAT-)

$INCLUDE C * /INCLUDE/SSCON16.DAT')

DATA IACCEL / 1 /I

IF CIACCEL .EQ. 1) THEN

IACCEL = 03

C INITIALIZE ACCELEROMETER PARAMETERS

IF ( T EQ. 0.0 ) THEN
DRSIGA = DRSGAI/(60.0*DSCRT(DTIMU))I
CALL NORM (ALNSGA,AGNMNA,GYSEED, PSIA)
CALL NORM (ALNSGA, ALNMNA, GYSEED, THTA)
CALL NORM (ALNSGA, ALNMNA, GYSEED, PCCIA)
CALL NORM (AORSGA, AORMNA, GYSEED, THXZA)
CALL NORM (AORSGA, AORMNA, GYSEED, THXYA)
CALL NORM (AORSGA, AORMNA, GYSEED, THYZA)U
CALL NORM (AORSGA, AORMNA, GYSEED, THYXA)
CALL NORM CAORSGA, AORMNA, GYSEED, THZYA)
CALL NORM(AORSGA,AORMNA,GYSEED,THZXA)
CALL NORM (SFlSGA, SFIMNA, GYSEED, SFlA Cl))

CALL NORM(SF1SGA,SFIMNA,GYSEED,SFlAC2))I
CALL NORM(SF1SGA,SFlMNA,GYSEED,SFlA(3))
CALL NORM CSF2SGA,SF2MNA,GYSEED,SF2A(l))
CALL NORM(SF2SGA, SF2MNA, GYSEED, SF2A (2))
CALL NORM(SF2SGA,SF2MNA,GYSEED,SF2A(3))
CALL NORM CDCSIGA,DCMENA,GYSEED,DCA(2j)
CALL NORM(DCSIGA,DCMENA,GYSEED,DCA(2))

CALL NORM(DCSIGA,DCMENA,GYSEED,DCA(3))
DO 10 I = 1,3

AB12(I) =0.000

ABII CI) = 0.000

AB02(I) = 0.ODO

10 CONTINUE
ENDIF

C COMPUTE SECOND ORDER RESPONSE DIFFERENCE EQUATION COEFFICIENTS

IF ( IARTYP.EQ.2 ) THEN

CALL RESP2R ( DTIMU,WACC,ZACC,CABI2,CABI1,CABIO,CABO2,

ENDIF CABal, CABOO
ENDIF

C CALCULATE TIME SINCE LAST CALL TO ACCEL

OTDEL = T - T0ACCEI
T0ACr7E = T

C DETERMINE INERTIAL FRAME DELTA VELOCITY OVER PREVIOUS INTERVAL Wr'H

C GRAVITIONAL CONTRIBUTION REMOVEDI

IF ( DTDEL.NE.0.000 THEN
GRAVG(I) = 0.500 R( R1) + RLS?(1)
GRAVG(2) = 0.500 R(R2) * RLST(2)
GRAVG(3) = 0.5D0 * (R3) + RLST(3)
DLVXI = XD - XYZDP(1) - DTIDELGRAVG(l)I
DLVYI = YD - XYZDP(2) - DTDEL*CRAVGC2)

DLVZI = ZD - XYZDP(3) - DTDELC,*RAVG(3)
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ENDIF

C SAVE GRAVITY VECTOR FOR USE ON NEXT PASS

GRLST(l) = GR(l)
GRLST (2) = GR (2)
GRLST (3) = GR (3)

C ROTATE DELTA VELOCITY INTO MISSILE FRAME

IF ( DTDEL.NE.O.ODD ) THEN
DLVXB = CIM(l)*DLVXI + CIM(4)*DLVYI +CTM(7)*DLV21
DLVYB = CIM(2)*DLVXI +CIM(5)-DLVYI +CIM(8)*DLVZI
DLVZB = CIM(3)*DLVXI , CIM(6)*DLVYI + CIM(9)*DLVZI

ENDIF

C CONVERT DELTA VELOCITY TO AVERAGE ACCELERATION

IF ( DTDEL.NE.D.ODD ) THEN
UDAVG = DLVXB /DTDEL
WDAVG = DLVYB /DTDEL
aDAVG = DLVZB /DTDEL

ELSE
UDAVG = UD
VDAVG =VO
WDAVG = WD

ENDIF

C SAVE PREVIOUS INERTIAL FRAME VELOCITY

XYZDP(l) = XD
XYZDP(2) = YD
XYZDP(3) = ZD

C SENSOR ACCELERATION DUE TO PACKAGE OFFSET FROM THE CG

IF ( IMUOFF.EQ.O ) THEN
UDR = UDAVG
VDR = VDAVG
WDR = WDAVG

ELSE
XIMU(l) = CG(l) - LIMU(1
XIMU(2) = CG(2) - LIMU(2)
XIMU(3) = CG(3) - LIMU(3)

DUMI~l) = QD*XIMU(3) - RO*XIMU(2)
DUM1(2) = RD*XIMU(I) - PO-XIMU(3)
DUMI(3) = PD*XIMU(2) - QD*XIMU(l)

DUM2(1) = Q*XIMU(3) - R*XIMU(2)
DUM2(2) = R*XIMU(I) - P*XIMU(3)
DUM2(3) = P*XIMU(2) - Q*XIMU(l)

DUM3(1) = Q*OUM2(3) - R*DUM2(2)
DUM3(2) = R*DUM2(1) - P*DUM2(3)
DUM3(3) = P*DUM2(2) - Q*DUM2(l)

UDR = UDAVG + DUM1(1) + OUM3 (1)
VDR = VDAVG + DUM1(2) + DUM3 (2)
WOR = WDAVG + DUM1(3) +OUM3 (3)

END IF

C ACCELEROMETER AXIS MISALIGNMENT EFFECTS

T'DM - UDR +VOR*PSIA - WDR*THTA
VOM =-UDR*PSIA + VDR + WOR*PHIA
WOM = UOR*THTA - VDR*PHIA +WDR

C ACCELEROMETER AXIS NONORTHOGCNALITY EFFEC7S

UDN = UDM +VCM*THXZA -WCM*THXYA

VDN -- UDM*THYZA + VCM WDM*THYXA
WON UOM*THZYA - VDM*THZXA +WDM

C ADD LINEAR AND QUADRATIC SCALE --AC7CR ER~RORS

SFEA(l) = UDN +SFIAKl)27N +SF2A(~)* DN**2
SFEA(2) = VDN *SFIA(2)*VDN -SF2A(2)*VDN2

SFEA(3) = WON - SFlA(3)*WiN' 5F2A(3)*WXN2

C FOR EACH AXIS ...
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DO 20 I=1,3 3
C MAKE A GAUSSIAN DRAW FOR RANDOM DRIFT AND ADD TO CONSTANT DRIFT

IF ( DRSIGA.GT.O.0D0 ) THEN
CALL NORM(DRSIGA, ORMENA, GYSEED,DRA) I

ENDIF

WDRA(I) - DRA + DCA(I)

C COMPUTE INPUT TO ACCELEROMETER RESPONSE MODEL 3
ABI0(I) = SFEA(I) + WDRA(I)

C SECOND ORDER RESPONSE MODEL i
IF ( IARTYP.EQ.2 ) THEN

ABO0(I) = ( CABI0"ABIO(I) + CABIl*ABIl(I)
+ CABI2*ABI2(I) - CABOI'ABOI(I)
- CABO2*ABO2(I) )/CNBO0

Ai312(I) = ABII(I)
ABII(I) = ABIO(I)
ABO2(I) = ABOI (I)
ABOl (I) = ABO0(I)

ENDIF

C INSTANTANEOUS RESPCNSE MODEL

IF ( IARTYP.EQ.0 ) THEN
ABOO(I) = ABIO(I)

ENDIF

C COMPUTE SENSED DELTA VELOCIIT

DVEL(I) - DTDEL ABO0(I)

IF ( SPPA.GT.0.0 ) THEN I
C UNQUANTIZED OUTPUT IN COUNTS

QFRACA(I) = QFRACA(I) - PULSEA(T; + 2:'Z'(I)/SPPA 3
C QUANTIZED OUTPUT IN COUNTS

PULSEAI) = DINT(QFRACA(I)'

ELSE i
PULSEA(1) = DVEL(1)

ENDIF

20 CONTINUE

RETURN
END

FILE: uuv22.19g/dutility/uucw87.for 3
subroutine cw8

7

integer*2 icw87
call stcw87(icw87)
icw87 = icw87 and. #ff7ah
call ldcw87(icw87)
end

FILE: uuv22.19q/dutility/uuestrel.for 3
C ---------------------------------------------------.-----------------

SUBROUTINE ESrREL'RTEST,VTEST,R.IR,VMIR,TI2M,CMS,ESTATE,RREL,

'REL, MAGR, MACV, URREL, MGRDOT, TGO, PITER,YAWER,".MD)

C
C SUBRCUTINE NAME : ESTREL 3
C
C AUTHOR(S) : T. THOINTON
C I

I
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C FUNCTION :CCMPUTES ESTIMATED RET IVE RAGRANGE
C RATE, AND TIME-TO-so

C

C CALLED FROM FORTRAN MAINI SUBROUTINES CALLED NONE
C
C INPUTS RTE-ST,VTEST,PMIR,VMTR, TI2M,CMS,ESTATE
C
C OUTPUTS RREL,VREL,MACR,MACV,U RRE-L,MGRDOT,TGO,
C PITER, YAWER, LAMD

C UPDATES D. SMITH - CR 4 059
CR. RHYNE - CR 4 068

D. SISSOM - CR # 069
C E. HILL! - CR 4 081
C R. RHYNE

C R. RHYNE - CR # 088
C R. RHYNE - CR #093

IMPLICIT DOUBLE PRECISION (A-H)
IMPLICIT DOUBLE PRECISION (O-Z)

DOUBLF~ PRECISION CMS(9) T AMD(2) ,LAMSKE(2)

REAL MAGR ,MACV VRDRR
REAL PITER *YAWER ,TO

DOUBLE PRECISION MGRDOT
DOUBLE PRECISION RELM(3) ,RELS(3) ,RMIR(3)IDOUBLE PRECISION RTEST(3)
REAL TI2M(9)
REAL URREL(3) ,VREL(3) ,RREI (3)
DOUBLE PRECISION VELM(3) ,VELS(3)

DOUBLE PRECISION VMIR(3) ,VTEST(3)

INTEGER ESTATE

C COMPUTE ESTIMATED RELATIVE STATES AND ESTIMATED TIME-TO-GO

BREL (1) RTEST(l, - RMIR(11)
RREL(2) =RTEST(2) - RMIR(2)
RREL(3) =RTEST(3) - RMIR(3)

MAGR = SQRT(RREL'1)**2 +RRE;L(2)**2 + RRL(3)**2)
-JRREL(l) = RREL(1)/MAGR
TUt7,7IL(2) = RREL(2)!MA-R
3RREL 3) = RREL(3)/MAGR

VREL)I) = VTiESTR'.) - VMIR4(I)

VREL 2) - TEST 2) - V.M:R 2I VREL(3) - 'TEST( 3) - VM:?(3)

MACV = SQRT()VREL()2 VREL)2)**2 +VRE-L(3)**2)

'AGRCCT = VRE:.) 'RREL (l) ,VREL (2) *7 RPEL (2) -VREL(3) -DRREL(3)
VRTR _ VEK r-(1) +VREL(2*RREL(2) , IREL (3)*RlE ,(3)

TGC -VRDiR/(MAGV**2)

IF ( S:A:E.EQ.: ) F)(EN3 7 COMPUTE ESTIMATED REL-ATIVE-- STATES MSIEEA:

REL1 .1) = RREL)1 T12M)I) , R E,(2 ) *TI2M(4) -RRE'- ) T.v~
RELM) = P4E1 7 2XM(2) , .PIL) 2)TIM5 , 7REL3) =-'5
R E'L m4 4p'E~l () *T12M)3) PREP.(2) T2)) P~~I ~ ~~~VEIN):) VREL(I) *TI2M).) Vr:.) :M) VPL3T2)

VE:.M(3) =VRE:: TM)i . .42) V--' P 7: : )*2V

37 COMP'JTE ESTIMATED- :,,A' 7r. E:N

REL:S )', (1){) ',, 2 y 4 -. V
PES (2) RELM )) '-X-(2) i EM~i (2) X - x(
Q7S (3) RE :M )12*7Y7 ) (2 V. S :V S4

ILL : 'EL'. (I VM.(
VIELS'2) -VELM)I)-XSK V V V,,V..-..

VFL S 3) VE,:.m (1)*DM 3 "":V ) ,
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COMPUTE ESTIMATED LINE OF SIGHT ERRORS 3
LAMSKE(1) = DATAN2(-RELS(3),RELS(1))
LAMSKE(2) = DATAN2( RELS(2),RELS(1))

PITER = LAMSKE(1)
YAWER = -LAMSKE(2)

C COMPUTE ESTIMATED LINE OF SIGHT RATE ERRORS

LAMD(1) = (RELS(3)*VELS(1) - RELS(1)*VELS(3)) /
(RELS(1)**2 + RELS(3)**2)

LAMD(2) = (RELS(1)'VELS(2) - RELS(2)*VELS(!)) /

(RELS(1)**2 + RELS(2)'*2)
ENDIF

RETURN
END

FILE: uuv22.19q/dutility/uufv2bxi.for 1
C -----------------------------------------------------------------------

SUBROUTINE FV2BXI ( FV, FVSQ, B
C------------------------------------------------------------------------------
C .
C SUBROUTINE NAME : FV2BXI
C
C AUTHOR(S) W. E. EXELY
C
C FUNCTION COMPUTE DIRECTION COSINE MATRIX (B) FROM
C THE QUATERNION ATTITUDE VECTOR (FV) AND
C COMPUTE THE SQUARE (FVSQ) OF THE MAGNITUDE
C OF THE QUATERNION (FV)
C
C CALLED FROM MISSIL

C SUBROUTINES CALLED: NONE

C INPUTS FV

C OUTPUTS FVSQ,B

C UPDATES D. SMITH - CR # 59
C
C------------------------------------------------------------------------------C . . . . . . . . . . . . . .

IMPLICIT REAL (A-H)

IMPLICIT REAL (O-Z)

DIMENSION FV ( 4 ), B 9 ) 3
ARAMETER (RI = 1.0, R2 = 2.0)

FV1SQ = FV(1)'FV(1)
FV2SQ = FV(2)*FV(2)
FV3SQ = FV(3)*FV(3)FV4SQ = FV(4)-FV(,')

FVSQ = FVISQ + FV2SQ + FV3SQ + FV4SQ

IF( FVSQ .GT. 0.0 ) THEN 3
W FTN286 X415 OPTIMIZE(3)

19999 CONTINUE
TI = R2/FVSQ

T2 = EV{3 *FV(4)
T3 = FV(I *FV(2)
B(2) = T!*( T3 72
B(4) = T1( T3 -2

T2 = FV(2)*FV(4)
73 = FV(I *FV(3)
B(7) = Tl ( T3 T2
B(3 = T1( T3 - T2

T2 = I (4)
73 = F'(2) FV(3) I
B(6) = Tl*( 73 + T2
B(8) T '( T3 - -2

I
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T2 =T1tFV4SQ - R1
B(1) = TI*FVISQ + T2
B(5) = TI'FV2SQ + T2
B(9) = TI1FV3SQ + T2

ENDIF

RETURN
END

FILE: uuv22.19g/dutility/uuimupro.for

SUBROUTINE IMUPRO(T,PULSEG,PULSEA,DELPHI,DELTHT,DELPSI,DELU,
DELV, DELW)

C
C
C SUBROUTINE NAME : IMUPRO
C
C AUTHOR(S) : T. THORNTON
C
C FUNCTION :COMPUTES THE IMU PROCESSOR RELATED FUNCTIONS
C
C CALLED FROM : FORTRAN MAIN
C
C SUBROUTINES CALLED : NONE
C
C INPUTS : T,PULSEG,PULSEAIC
C OUTPUTS : DELPHI,DELTHT, DELPSI,DELU, DELV, DELW
C
C UPDATES : T. THORNTON - CR # 004
C T. THORNTON - CR * 016
C B. HILL - CR * 022
C T. THORNTON - CR * 037
C D. SMITH - CR # 059

C 0. SMITH - CR # 070
C D. SMITH - CR # 075
C B. HILL / - CR # 081
C R. RHYNE
C B. HILL - CR # 093

C
C -----------------------------------------------------------------------

IMPLICIT DOUBLE PRECISION (A-H)

IMPLICIT DOUBLE PRECISION (O-Z)
DOUBLE PRECISION PULSEA(3)

REAL PULSEG(3)

DATA INITIALIZATION
$INCLUDE('^/INCLUDE/SSCON54.DAT

'
)

C GYRO OUTPUT COMPENSATION

C CALCULATE DELTA ANGLES

IF ( PERPG.GT.0.0 ) THEN
DELPHS = PULSEG(1)*PERPG
DELTHS = PULSEG(2)*PERPG
DELPSS = PULSEG(3)*PERPG

ELSE
DELPHS = PULSEG(1)
DELTHS = PULSEG(2)
DELPSS = PULSEG( )

END IF

C COMPENSATE SENSED DELTA ANGLES FOR SCALE FACTOR ERRORS

DELPH = DELPHS:SFCGX
DELTH = DELTHS SFCGYDELPS = DELPSSSFCGZ

COMPENSATE SENSE, DELTA ANGLES FOR GYR0 M:SALZGNMENTS

DEL -EL S--P T PTs:H
DELTHT = -"ELPHPS:C E -EL - *E: P c"
DELPSI - -DELPH*THTGP + DELTH*PHTGP 0LPSI

1
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C ACCELEROMETER OUTPUT COMPENSATION I
C CALCULATE DELTA VELOCITY

IF ( PERPA.GT.0.0 ) THEN

DELUS = PULSEA(i)'PERPA
DELVS = PULSEA(2)*PERPA I
DELWS = PULSEA(3)*PERPA

ELSE
DELUS = PULSEA(1)
DELVS =PULSEA(2)
DELWS = PULSEA(3) I

END IF

C COMPENSATE SENSED VELOCITY FOR SCALE FACTOR ERRORS

DELXS = DELUS*SFCAX I
DELYS - DELVS*SFCAY I

DELZS = DELWS*SFCAZ

C COMPENSATE SENSED VELOCITY FOR ACCELEROMETER MISALIGNMENTS

DELUM = DELXS - DELYS*PSIAP + DELZS*THTAP
DELVM = DELXS*PSIAP + DELYS - DELZS*PHIAP
DELWM = -DELXS*THTAP + DELYS*PHIAP + DELZS

C SKULLING COMPENSATION

IF ( ISKULL.EQ.0 ) THEN
DELU = DELUM
DELV = DELVM
DELW = DELWM

ELSE
DELU = DELUM - 0.5 * DELPSI*DELVM - DELTHT*DELWM
DELV = DELVM - 0.5 * ( DELPHI*DELWM - DELPSI*DELUM
DELW = DELWM - 0.5 * DELTHT*DELUM - DELPHI*DELVM

END IF I
RETURN
END

FILE: uuv22.19g/dutility/uuinteg.for 3
C------------------------------------------------------------------------------

SUBROUTINE INTEG ( X , XDOT , T , I )
C .. . . . . .. . . . .I
C------------------------------------------------------------------------------c
C SUBROUTINE NAME : INTEG
C
C AUTHOR(S) : D. F. SMITH
C
C FUNCTION : Perform simple trapezoidal integration of
C XDOT to yield X. DTD is the time since
C the last integration and I is the array
C index where X is stored
C
C CALLED FROM : FORTRAN MAIN
C
C SUBROUTINES CALLED : NONE
C
C INPUTS : XDOT,T,I
C
C OUTPUTS X
C
C UPDATES : D. SISSOM - CR # 58
C D. SMITH CR # 59

C .
C--------------------------------------------------------------------- --------
C

COMMON/STORAG/ XINT, TINT, XDOTL
DOUBLE PRECISION XINT(50), TINT(50), XDOTL(50)
DOUBLE PRECISION DT, DTMP, XDOUBLE PRECISION XDOT, T

DT T - TINTfI)

XIIT1 = XINT(I)

XINT(I) = XINT1) ( 0. DC*LT(XDCTXCOTL(I),

I
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TINT(I) = T
XDOTL(I) = XDOT

C TEMPORARY CODE TO NORMALIZE QUATER':ION AFTER 4TH COMPONENT IS REVISED

IF ( I.EQ.18 ) THEN
DTMP = DSQRT ( XINT(15)**2 + XINT(16)**2 + XINT(17)**2 +

XINT(18)*12
XINT(15) = XINT(15) / DTMP
XINT(16) = XINT(16) / DTMP
XINT(17) = XINT(17) / DTMP
XINT(18) = XINT(18) / DTMP

END IF

RETURN
END

FILE: uuv22.19g/dutility/uuintegi.for

C . -----------------------------------------------------------------------
SUBROUTINE INTEGI ( X , XDOT , T , I )

C-------------------------------- ---------------------------------------------
C
C SUBROUTINE NAME : INTEGI
C
C AUTHOR(S) : D. F. SMITH
C
C FUNCTION : Initialize integral of X which is stored
C in position I of the integral array
C
C CALLED FROM : MAIN
C
C SUBROUTINES CALLED : NONE
C
C INPUTS : X,XDOT, T,I
C
C OUTPUTS : NONE
C
C UPDATES : D. SISSOM - CR # 58
C D. SMITH - CR # 59
C
C - - - -- - - - -- - - - - - - - - -- - -- - - -- - - - - - - -- - - -- - -- - - - - - - -- - - -- - - -- -

COMMON/STORAG/ XINT, TINT, XDOTL
DOUBLE PRECISION XINT(50), TINT(50), XDOTL(50)
DOUBLE PRECISION X, T, XDOT

XINT(I) = X
XDOTL(I) = XDOT
TINT(I) = T

RETURN
END

FILE: uuv22.19g/dutility/uukalman.for

C -----------------------------------------------------------------------
SJBRO TINE KALMAN(T,TI2M,LAMMO,ASIG,SNRO,TGO,RRELO,VRELO,TI2MO,

RACQ,MAGRTR, MAGR, MAGV, LAMSEK, LAMDXX,FRMRAT,CMS,
MACQ, MCSO, MTERM, TRACK,TERM, TRMTGO, TGE1,
TGE2AL,WFILT, ZFILT, LAM, LAMD, IBURNI,ACQD, ESTATE,
PITER,YAWER,TGI.)

C------------------------------------------------------------------------------
C
C SUBROUTINE NAME : KALMAN
C
C AUTHOR(S) D. F. SMITH
C

C FUNCTION : 2-STATE EXTENDED KALMAN FILTER
C ESTIMATES LOS ANGLES AND RATES
C
C CALLED FROM : FORTRAN MA:N
C

SUBROUTINES CALLED NONE

C
C I. TS :TI2,CM, AOT,ASIG, AR,MACTGO,RELO,VRE'.O,

ST12MC, RA : ,MA -R-TR,XAGR,MAGV , TLAMSFK, LAX.DXX,
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C FRMRAT,CMS,MACQ,MCSO, MTERM 3
C OUTPUTS TRMTGO,TGE1,TGE2AL,WFILT,ZFILT,LAM,
C LAMD, IBURN1,ACQD, PITER,YAWER
C
C BOTH : ESTATE,TRACK,TERM,TGIL
C
C UPDATES : D. SISSOM - CR # 032
C B. HILL - CR # 030
C B. HILL - CR # 038
C T. THORNTON - CR # 043
C T. THORNTON - CR # 048
C D. SMITH - CR # 059

D. SMITH - CR # 064
C R. RHYNE - CR # 068
C D. SISSOM - CR * 069
C D. SMITH CR # 070
C D. SMITH - CR # 074

C R. RHYNE - CR # 079
C B. HILL / - CR # 081
C R. RHYNE
C B. HILL - CR # 086 I
C R. RHYNE - CR # 087

C R. RHYNE - CR # 088
C D. SISSOM - CR # 091
C B. HILL - CR # 093

C .
C -----------------------------------------------------------------------

IMPLICIT DOUBLE PRECISION (A-H)
IMPLICIT DOUBLE PRECISION (O-Z)

REAL SNRO * FRMRAT

DOUBLE PRECISION CSSHFT(3) , TMSHFT(3) , TKSHFT(3)
DOUBLE PRECISION LAMSZF(2) , LAMDXX(2) , MAGRSQ
DOUBLE PRECISION LAM(2) , LAMD(2) , MAGRO I
DOUBLE PRECISION RATE(6)
REAL VRELO(3)
REAL RRELO(3) , LAMMO(2) , TI2MO(9)
REAL TI2M(9)
REAL MAGR , MAGV , MAGRTR
REAL PITER , YAWER , TGE1
REAL TGE2AL , TGIL , TGO
REAL TRMTGO
DOUBLE PRECISION CMS(9)

INTEGER SEKTYP , ACQD
INTEGER ESTATE , TRACK , TERM

C LOCAL DATA USED FOR CONSTANTS, VARIABLES AND INITIALIZATION FLAG I
SAVE IKALMN

* DATA INITIALIZATION
$INCLUDE('^/INCLUDE/SSKALMAN.DAT

'
)

$INCLUDE('^/INCLUDE/SSCON11.DAT')
$INCLUDE('^/INCLUDE/SSCON12.DAT ')
$INCLUDE('^/INCLUDE/SSCON48.DAT)

$INCLUDE('^/INCLUDE/SSCON50.DAT
'
)

$INCLUDE('^/INCLUDE/SSCON55.DAT')
$INCLUDE('^/INCLUDE/SSCON56.DAT')
$INCLUDE(''/INCLUDE/SSCON57.DAT,

DATA IKALM,
1 

/ 1. /

IF (IKALMN .EQ 1) IHEN

IKALMN = 0

IF (IFPAS .EQ. 0) THEN

C INITIALIZE FILTER PARAMETERS i

KFMODE = 1
TKF = T

C INITIALIZE FILTER ESTIMATES 0" 7NEPTIAL FRAME LAMBDA AND
LAMBDA DOT

PLMDH1 = (RRELO 3)-VRELO(1) - RRELO(1)VRELC(3))/

I
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(RRELO(1)**2 + RRELO(3),*2)
PLAMDH = PLMDH1
YLMDH1 = (RRELO(1)*VRELO(2) - RRELO(2)*VRELO(l))/

(RRELO(1)**2 + RRELO(2)*"2)
YLAMDH = YLMDH1

C INITIALIZE COVARIANCE MATRIX ELEMENTS

PP22 = SGP22*'2
PY22 = SGP22**2
PP12 = SGP12**2
PY12 = SGP12**2
PP11 = SGP112
PYll = SGP11**2

C INITIALIZE PROCESS NOISE COVARIANCE

RW = SGW**2

C INITIALIZE MEASUREMENT NOISE MATRIX

RV = AKSGME*ASIG**2

ENDIF

ENDIF

C INCREMENT FILTER PASS COUNTER

IFPAS = IFPAS + I

C PERFORM EXECUTIVE FUNCTION FOR SEEKER TYPES 0 AND 1

IF ( SEKTYP.EQ.0 .OR. SEKTYP.EQ.1 ) THEN

C INITIATE ACQUISTION MODE

IF ( ACQD.EQ.0 .AND. MAGRTR.LE.RACQ ) THEN
ESTATE = 0
ACQD = 1
TRMTGO = TGO - (AGR - RNGTRM)/MAGV
TGIL = TRMTGO + TBWAIT
TGE2AL = TGIL + CTVCS2
CALL OUTMES(0601,T,0.0D0)

ENDIF

C COI 2UTE THE SEEKER DATA RATE

IF ( TRACK .EQ. 1 ) THEN
TRACK = 2
TGE1 = TGO - (RNHITS + ILAG)/FRMRAT
IBURNI = 0
CALL OUTMES(0602,T,0.0DO)

ELSEIF ( TERM .EQ. 1 ) THEN
TERM = 2
CALL OUTMES(0603,T,D.0D0)

ENDIF

ENDIF

C USE TRUE LOS ANGLES AND RATES WITH PERFECT SEEKER MODEL

cannot allow this partition to set angular errors, even if perfect
* seeker is used sometime in future

IF ( SEKTYP.EQ.0 .AND. ESTATE.EQ.0) THEN
LAMD(1) = LAMDXX(1)
LAMD(2) = LAMDXX(2)
PITER = LAMMO 1)
YAWER = LAMMO (2)

* ROLLER = 0.0
RETURN

ENDIF

C DETERMINE APPARENT RELATIVE INERTIAL FRAME STATES FOR LOCAL USE

RXI = RELO1))
RYI = RRELO(2
RZI RRELO(3)

VXI VP2LO(l)



I
84 Annual Report: Digital Emulation Technology Laboratory Volume 1, Part 3

VYI VRELO(2)
VZI VRELO(3)

MAGRO = DSQRT ( RXI-'2 + RYI'*2 + RZI'*2

C RECONSTRUCT MEASURED LOS VECTOR IN SEEKER FRAME

TANPCH = DBLE ( TAN (LAMMO(1) )
TANYAW = DBLE ( TAN LAMMO(2)

XLOSS = 1.0D0 / DSQRT ( 1.ODO + TANPCH**2 + TANYAW**2
YLOSS = XLOSS TANYAW I
ZLOSS = - XLOSS TANPCH

C ROTATE MEASURED LOS VECTOR INTO MISSILE FRAME

XLOSM = CMS(1)*XLOSS + CMS(2)*YLOSS + CMS(3)*ZLOSs

YLOSM = CMS(4)*XLOSS + CMS(2)*YLOSS + CMS(3)*ZLOSS
ZLOSM = CMS(7)*XLOSS + CMS(8)*YLOSS + CMS(9)*ZLOSS

C ROTATE MEASURED LOS VECTOR INTO INERTIAL FRAME

XLOSI = T12MO(1)*XLOSM + T12MO(2)*YLOSM +T12MO(3)*ZLOSMI
YLOSI = TI2MO(4)*XLOSM + TI2MO(5)*YLOSM + TI2MO(6)*ZLOSM
ZLOSI = TI2MO(7)*XLOSM + TI2MO(8)*YLOSM + TI2MO(9)*ZLOSM

C DETERMINE MEASURED LOS ANGLES IN INERTIAL FRAME 3
PLAMM = DATAN2 C -ZLOSI , XLOSI
YLAMM = DATAN2 C YLOSI , XLOSI

C EXECUTE FILTER INITIALIZATION LOGIC ON FIRST FILTER PASS 3
C THE FOLLOWING INITIALIZATION IS DONE HERE, RATHER THAN IN THE
C INITIAL SECTION TO AVOID REPETITIVE CALCULATIONS TO OBTAIN THE
C VALUES OF PLAMM AND YLAMM

IF ( IFPAS.EQ.1 ) THEN

PLAMHI = PLAMM
PLAMH = PLAMH1

YLAMH1 = YLAMM
YLAMH = YLAMHI

ENDIF

C DETERMINE TIME SINCE LAST FILTER UPDATE 3
IF ( T.GT.TKF ) THEN

DTKF = T -TKF
ELSE

DTKF = 0.ODI
ENDIF
TKF =T

C ENABLE FIRST BURN WHEN DATA RATE IS SUFFICIENT (SEEKER TYPE 2)
C OR WHEN IN TERMINAL MODE CEEKER TYPE 3) I

IF ( (SEKTYP.EQ.2.AND.FRMAT.GE.RATE(5).AND.IDRTOK.EQ.0) .OR.
(SEKTYP.EQ.3 .AND. IDRTOK.EQ.0 .AND. MTERM.;Q.1) ) THEN
TGE1 = TGO - RNHITS/FRMRAT
IBURNI = 0
IDRTOK = 1

ENDIF

C ENABLE ACQUISITION MODE ON FIRST PASS

IF ( (SEKTYP.NE.3 .AND. KFMODE.EQ.1 .AND. SNRO.GE.SNRACQ) .OR.
(SEKTYP.EQ.3 .AND. KFMODE.EQ.1 .AND. MACQ.EQ.1) ) THEN
CALL OUTMES(0604,T,MAGRO)
KFMODE = 2
ACQD = 1

ELSEIF ((SEKTYP.NE.3 .AND. KFMODE.EQ.2 .AND. SNRO.GE.SNRTRK) .OR.
(SEKTYP.EQ.3 .AND. KFMODE.EQ.2 .AND. MACQ.EQ.1) ) THEN

REINITIALIZE ERROR COVARIANCE DIAGONAl ELEMENTS SWITCH FROM
ACQUISITION TO TRACK MODE

CALL OUTMESI0605,T,MAGRO)
KFMODE = 3 I

I
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MAGRSQ = MAGRO--2
TGOSQ = TGO**2
PPI = PP11 + TKSHFT(3)-*2/MAGRSQ
PYll = PY11 + TKSHFT(2)**2/MAGRSQ
PP22 = PP22 + TKSHFT(3)'*2/(MAGRSQ*TGOSQ)
PY22 = PY22 + TKSHFT(2)-*2/(MAGRSQ*TGOSQ)

ENDIF

IF ( KFMODE.GE.3 .AND. IFPAS.GE.IDNINT(RNHITS) ) ESTATE = 0

C REINITIALIZE ERROR COVARIANCE DIAGONAL ELEMENTS AT SWITCH FROM
C TRACK TO DISCRIMINATION MODE

IF ( (SEKTYP.NE.3 .AND. KFMODE.EQ.3 .AND. SNRO.GE.SNRCSO) .OR.
(SEKTYP.EQ.3 .AND. KFMODE.EQ.3 .AND. MCSO.EQ.1) ) THEN
CALL OUTMES(0606,T,MAGRO)
KFMODE = 4
MAGRSQ = MAGRO-*2
TGOSQ = TGO**2
PPI = PP11 + CSSHFT(3)**2/MAGRSQ
PYll = PY11 + CSSHFT(2)**2/MAGRSQ
PP22 = PP22 + CSSHFT(3)**2/(MAGRSQ*TGOSQ)
PY22 = PY22 + CSSHFT(2)"*2/(MAGRSQ*TGOSQ)

ENDIF

C REINITIALIZE ERROR COVARIANCE DIAGONAL ELEMENTS AT SWITCH FROM
C DISCRIMINATION TO TERMINAL MODE (SEEKER TYPE 2) OR FRAME RATE
C EQUALS 12.5 (SEEKER TYPE 3) AND ENABLE SECOND BURN

IF ( (SEKTYP.NE.3 .AND. KFMODE.EQ.4 .AND. SNRO.GE.SNRTRM) ,OR.
(SEKTYP.EQ.3 .AND. KFMODE.EQ.4 .AND. FRMRAT.GE.RATE(3)) ) THEN
CALL OUTMES(0607,T,MAGRO)
KFMODE = 5
TGE2AL = TGO - RNHITS/FRMRAT
TRMTGO = TGO - RNHITS/FRMRAT
MAGRSQ = MAGRO**2
TGOSQ = TGO**2
PPI = PP11 + TMSHFT(3) *2/MAGRSQ
PYll = PYll + TMSHFT(2)**2/MAGRSQ
PP22 = PP22 + TMSHFT(3)**2/(MAGRSQ*TGOSQ)
PY22 = PY22 + TMSHFT(2)**2/(MAGRSQ*TGOSQ)

ENDIF

C COMPUTE R ( MEASUREMENT NOISE MATRIX ) FOR CURRENT TIME

RV = AKSGME * ASIG**2

C PROCESS NOISE TERMS AS A FUNCTION OF HOMING PHASE

IF ( KFMODE.GT.2 .AND. KFMODE.LT.5 ) THEN
RW = SGWH**2

ELSE IF ( KFMODE.EQ.5 ) THEN
RW = SGWT**2

ENDIF

C COMPUTE Q ( PROCESS NOISE MATRIX ) FOR CURRENT TIME

QI1 = RW * DTKF**2 / 4.ODO
Q12 = RW * DTKF / 2.00
Q22 = RW

C EXTRAPOLATE COVARIANCE MATRIX TO CURRENT TIME
C P(N+I) = PHI(N)-P(N)-PHI(N)T - Q

PPX = PP12 + DTKF*PP22
PYX = PY12 + DTKF*PY22
PPII = Qil + PP11 DTKF*(PP!2+PPX)
PYll = Q1 + PY11 + DTKF*(PY12+PYX)
PP12 = Q12 + PPX
PY12 = Q12 + PYX
PP22 = 022 + PP22
PY22 = Q22 + PY22

C COMPUTE KALMAN FILTER GAIN MATRIX
C
C K(N) = P(N) 'HT'( HPP(N) *HT + RV )**-I

DNP = PP1 + RV
DNY = PYll + RV
AKPI! = Pi1 / DNP
AKYll = PYII / DNY
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AKP21 = 2212 /DNP
AXY21 = PY12 I NYI

IF (AKP11.GT.GFLIM )AKP11 = GFLIM
IF (AKY11.GT.GFLIM )A)<Y11 = GFLIM
IF (AIP21.GT.GFDLIM )AKP21 = GFDLIM

IF (AKY21.GT.GFDLIM )AKY21 = GFDLIM

C COMPUTE FILTER BANDWIDTH AND DAMPING

IF ( AKP21.GT.O.ODD .AND. DTKF.GT.COD ) THEN

ZFILT = AKP11 WFILT IC2.ODO *AKP21 I

ENDIF

C UPDATE COVARIANCE MATRIX
C +I
C P(N) =(I - K(N)*H C (N)-

PP22 PP22 - AKP21*PP12

PY22 =PY22 - AKY21*PY12
PP12 =PP12 - AKP21*PPII
PY12 =PY12 - AKY21*PY11
PP11 =PP11 - AKP11*PP11
PYll =PY11 - AKY11*PY11

C ESTIMATE DELTA LOS ANGULAR RATE DUE TO MISSILE MOTION I'PLANT'I

C INPUT OR FORCING FUNCTION)I

PLMDF = (RZI*VXI - RXI*VZI I/(RXI**2 + RZI**2
YLMDF = IRXI*VYI - RYI*VXI IIIRXI**2 + RYI**2

IF ( DTI(F.NE.O.ODD )THEN
DLPLMD = IPLMDF -PLMDFP

DLYLMD = IYLMDF -YLMDFP

ELSE
DLPLMD = 0.0D0

DLYLMD = 0.000

PLMDFP = PLMDF
YLMDFP = YLMDF

C EXTRAPOLATE FILTERED INERTIAL FRAME STATES TO CURRENT TIME

PLAMH1 = PLAMH + DTKF * PLAMDH + D.5DD*DTKF*DLPLMD
YLAMH1 = YLAMH + DTKF * YLAMDH + 0.5DD*DTKF*DLYLMDPLMDI = LAMD + DPLI
PLMDH1 P LAMDH + DLPLMD

C REVISE FILTER ESTIMATES OF INERTIAL FRAME LAMBDA AND LAMBDA DOT
C +I
C X(NI = X(N) + K(N)*( YIN) - H*X(N)

ERRP = PLAMM - PLAMH1
ERRY = YLAMM - YLAMH1
PLAMH = PLAMH1 + AKP11*ERRPI
PL.AMDH = PLMDH. + AKP21*ERRP
YLAMH = YLAMH1 + AKY11*ERRY
YLAMDH = vlMDH1 + AI(Y21*ERRY

C EXTRAPOLATE LOS ANGLES AHEAD TO ACCOUNT FOR SIGNAL PROCESSING LAG3

IF ( DTKE'.NE.CODO ITHEN
DLPLMD = DLPLMD *SPLAG /D'rKE
DLYLMO = OLYLMO SPLAG IDTKF

ELSEI
OLYLMO = D.DDO

ENDIE'

PLANE' = PLAMH + SPLAG * (PLAMDH + .5DD'SPLAGD1LPLMDI

YL.AMF = YLAMH + SPLAG * YLAMDH D .5DO*SPLAG*DLYLMD)

PLAMDF ' PLAMDH , DLPLMD
YLAMDE' YL-AMDH -DLYLMD

C RECONSTRUCT FILTERED LOS VECTOR IN INERTIAL FRAMEI

TANPCH DTAN ( P LAM'
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TANYAW = CTAN ( YLAMF )
COSPSQ = DCOS ( PLAMF ) ''2
COSYSQ = DCOS C YLAMF ) *2

XLOSI = 1.000 / DSQRT ( 1.00 + TANPCH**2 + TANYAW**2
YLOSI = XLOSI TANYAW
ZLOSI = - XLOSI * TANPCH

C DETERMINE FILTERED LOS VECTOR RATES IN INERTIAL FRAME

XLOSDI = - ( PLAMDF*TANPCH/COSPSQ
+ YLAMDF*TANYAW/COSYSQ ) XLOSI**3

YLOSDI = YLAMDF*XLOSI /COSYSQ + XLOSDI*TANYAW
ZLOSDI = - PLAMDF*XLOSI /COSPSQ - XLCSDI*TANCH

C ROTATE LOS VECTOR INTO MISSILE FRAME

XLOSM = TI2M(l)*XLOSI - TI2M(4)*YLOSI + TI2M(7)*ZLOSI
YLOSM = TI2M(2)*XLOSI + TI2M(5)*YLOSI + TI2M(8)*ZLOSI
ZLOSM = TI2M(3)*XLOSI + TI2M(6)*YLOSI + TI2M(9)*ZLOSI

C ROTATE LOS VECTOR RATES INTO MISSILE FRAME

XLOSDM = TI2M(1)*XLOSDI + TI2M(4)*YLOSDI + TI2M(7)*ZLOSDI
YLOSDM = TI2M(2)*XLOSDI + TI2M(5)*YLOSDI + TI2M(8)*ZLOSDI
ZLOSDM = TI2M(3)*XLOSDI + TI2M(6)*YLOSDI + TI2M(9)'ZLOSDI

C ROTATE LOS VECTOR INTO SEEKER FRAME

XLOSS - CMS(1)*XLOSM + CMS(4)*YLOSM + CMS(7)*ZLOSM
YLOSS = CMS(2)*XLOSM + CMS(5)*YLCSM + CMS(8)*ZLOSM
ZLOSS = CMS(3)*XLOSM + CMS(6)*YLOSM + CMS(9)*ZLOSM

C ROTATE LOS VECTOR RATES INTO SEEKER FRAME

XLOSDS = CMS(1)*XLOSDM + CMS(4)*YLOSDM + CMS(7)'ZLOSDM
YLOSDS - CMS(2)*XLOSDM + CMS(5)'YLOSDM + CMS(8)*ZLOSDM
ZLOSDS = CMS(3)*XLOSDM + CMS(6)*YLOSDM + CMS(9)*ZLOSDM

C DETERMINE LOS ANGLES IN SEEKER FRAME

LAM(1) = DATAN2 ( -ZLOSS , XLOSS
LAM(2) = DATAN2 ( YLOSS XLOSS

C DETERMINE LOS ANGULAR RATES IN SEEKER FRAME

TANPCH = DTAN (LAM(1)
TANYAW = DTAN (LAM(2)
COSPSQ = DCOS ( LAM(1) ) *2
COSYSQ = DCOS (LAM(2) )*2

LAMD(1) = ( - ZLOSDS - XLOSDS-TANPCH ) COSPSQ / XLOSS
LAMD(2) = ( YLOSDS - XLOSDS*TANYAW ) COSYSQ / XLOSS

C DETERMINE ATTITUDE ERRORS

IF ( ESTATE .EQ. 0 ) THEN
PITER = LAM(1)
YAWER = -LAM(2)

* following line moved to partition with MCGUID
* ROLLER = 0.0

ENDIF

RETURN
END

FILE: uuv22.19g/dutility/uumasspr.for

C ------------------------------------------------------------------------
SUBROUTINE MASSPR(T,MDOTT,MDOTF,MDOTA,MDOTV,MASS,EISP,TBRK,IMSS,

MDOT,WEIGHTWDOTTP,WDOTFR,WDOTKV,WDOTTI,CG,IXX,
IYY, IZZ)

C------------------------------------------------------------------------------
C
C SUBROUTINE NAME : MASSPR
c
C AUTHOR(S) : B. HILL
C
C FUNCTION : CALCULATE MISSILE MASS PROPERTIES
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C CALLED FROM MAIN

C
C SUBROUTINES CALLED TABLE
C
C INPUTS T,MDOTT,MDOTF,MDOTA,MDOTV,MASS,EISP
C
C OUTPUTS MDOT,WEIGHT,WDOTTP,WDOTFR,WDOTKV,WDOTTI,CG,

C IXX, IYY, IZZ
C
C BOTH : TBRK, IMASS
CI
C UPDATES D. SMITH - CR # 059
C D. SISSOM - CR # 069
C D. SMITH - CR # 076
C D. SMITH - CR # 080
C B. HILL / - CR # 081
C R. RHYNE
C R. RHYNE - CR # 087
C B. HILL - CR # 089
C B. HILL - CR # 093
C I
C------------------------------------------------------------------------------

IMPLICIT DOUBLE PRECISION (A-H)
IMPLICIT DOUBLE PRECISION (O-Z)

REAL CG(3) , EISP
REAL CGX(20) , CGY(20)
REAL CGZ(20) , INERXX(20) , INERYY(20)
REAL INERZZ (20)
REAL IXX , IYY , IZZ
DOUBLE PRECISION MASS
REAL SNGLMASS

DOUBLE PRECISION MDOT
REAL MASSTI(20) , MASST2(20)
REAL MOOTA , MDOTF , MDOTT
REAL MDOTV

C LOCAL DATA USED TO HOLD CONSTANTS, VARIABLES AND INITIALIZATION FLAG

SAVE IDATIN , BISP

"CATA iNITIALIZA~i3N
$INCLUDE('^/INCLUDE/SSMASSPR.DAT

'
)

$INCLUDE('^/INCLUDE/SSCON22.DAT
'
)

S:NCLUDE('^/INCLUDE/SSCCN23.DAT')
SINCLUDE('^/INCLUDE/SSCON45.DAT')
$:NCLUDE('^/INCLUDE/SSCON58.DAT')

DATA IDATIN / I /
DATA ICC / 1 /, III / 1 /

IF (IMASS .EQ. 1) THEN

IMASS = 0

IF (IDATIN .EQ. 1) THEN 3
IDATIN = 0

IF (T .LE. TSTGI) THEN
BISP = BISPi
EISP = BISP*WPROP1/(WPROP1 + WINS1)

ELSEIF (T .LE. TSTG2) THEN
BISP = BISP2
EISP = BISP*WPROP2/(WPRCP2 + WINS2)

ELSE
BISP = 0.0I
EISP = 0.0

ENDIF
ELSEIF (T .LE. TSTG2) THEN

C CALCULATE BOOSTER SPECIFIC IMPULSE AT FIRST STAGE
C SEPARATION

BISP = B:SP2
EFISP = BISP'WPROP2/(WPRrP2 - W:NS2)

ELSEI

I
I
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C ZERO BOOSTZR SPECIFIC IMPULSE AFTER SECOND STAGE

BISP = 0.0
EISE' = 0.0

ENDIF

ENDiF

C CALCULATE TOTAL MASS FLOW RATE

MOOT = - MDOTT - MDOTF - MDOTA - MDOTV

C CONVERT MASS TO WEIGHT

WEIGHT = MASS*XMTOF

C CALCULATE WEIGHT EXPULSION RATES

IF ( T.LE.TSTG2 ) THEN
WDOTTE' = MDOTT*XMTOFEISP/BISP
WDOTTI = MDOTT*XMTOF*EISP

ELSE
WOOTTE' = 0.0
WOOTTI = 0.0

ENDIF

WDOTFR = MDOTF'*XMTOF
WDOTKV =(-MDOTF - MDOTA - MDOTV)-XMTCF

C CALCULATE MISSILE CENTER OF GRAVITY COMPONENTS

SNGLMASS = SNGL (MASS)
CALL TABLE(MASST1,CGX,SNGLMASS,CG(),20,ICG)
CALL TABLE(MASST1..CGY,SNGLASS,CG(2),20,ICG)
CALL TABLE (NASST1,CGZ,SNGLMASS,CG(3),20, ICG)

C CALCULATE MISSILE MOMENT OF INERTIA

CALL TABLE (MASST2, INERXX, SNGLMASS, IXX. 20,111)
CALL TABLE (MASST2, INERYY, SNGLMASS, :YY, 20,111)
CALL TABLE(MASST2,INERZZ,SNGLMASSIZZ20,III)

RLTURN
END

FILE: uuv22.19g/dutility/uumcauto.for

C------------------------------------------------------------------------------
SUBROUTINE MCAUTO(T,IXX,IYY,IZZ,SP,SQ,SR,ROLLER,PITER,YAWER,IDIST,

* IACSON, IBURND, IBURNM, IDMEAS, IPASSM, ICMD,TR-ATON,
* TPATON,TYATON,DTSAMP,TSAL,TSAH,TLAPS, ITHRES,
* ANVP, ACSLEV, TMAUTO)

C------------------------------------------------------------------------------
C
C SUBROUTINE NAME : MCAUTO
C
C AlITHOR P. RHYME
C
C FUNCTION :GENERATES ACS COMMANDS TO NULL LARGE
C ATTITUDE ERRORS AND RATES DURING MIDCOURSE
C
C CALLED FROM FORTRAN MAIN
C
C SUBROUTINES CALLED :NONE
C
C INPUTS: T,IXX,IYYJIZZ,SP,SQ,SR,ROLLER,PITER,
C YAWER,IDIST,IACSON,IBURND,IURNM,IDMEAS

C OUTPUTS ICMD,TRATON,TPATON,TYATOCN,DTSAMP,TSAL,TSAU;,
C TLAPS,ITHRES,ANVP,ACSLEV,MAUL-O
C

C BOTH :IPASSM
C
C UPDATES B. HILT,/ CR # 081
C R. R HYNE,
C D. SMITH -CR # 082
C R. RHYNE CR # 083
C R. RHYNE -CR # 087
C R. RHYNE CR # 090
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D. SMITH - CR * 09?
B. HILL - CR 4 C93

C------------------------------------------------------------------------------

IMPLICIT DOUBLE PRECISION I(A-H)
IMPLICIT DOUBLE PRECISION )O-Z )I

DOUBLE PRECISION 11(3) ,ANuACL(3,4,10), OMEGAI(3)
DOUBLE PRECISION OMEGA)]) ,TBURNA) 3) ,MOMARM())

DOUBLE PRECISION AERROR(3) *OMEGAD ,AACCEL)3,4)

REAL IXX IYY ,IZZ

REAL SP ,SQ ,SR

REAL ROLLER PITER ,YAWER

REAL ACSLFV

INTEGER IMCPAS (3,4)I

*DATA INITIALIZATION
SINCLUDE ('"/INCLUDE/SSMCAUTO.DAT')
SINCLUDE('^/INCLUDE/SSCON59.DAT')
$INCLUDE ( '/INCLUDE/SSCONEO. DAT')I
$INCLUDE('^/INCLUDE/SSCON01.DAT')
$INCLUDE('^/INCLUDE/SSCONO2. DAT')
SINCLUDE ( ^/INCLUDE/SSCON05 .DAT')

SINCLUDE ('-/INCLUDE/SSCON07.D)AT')
SINCLUDE (' ^/INCLUDE/SSCON08 .DAT')I
SINCLUDE('"/INCLUDE/SSCON19.DAT')

IF ( IPASSM.EQ.0 ) THEN

C INITIALIZE ACCELERATION TABLE, PULSE FLAGS, AND ' ILE TIMES3

MOMARM(l) = RIARM
MOMARM(2) = PIARM
MOMARM(3) = YIARM

11(2) =IYYI
11(3) = IZZ
DO 10 1 = 1,3

ANGACL)I,1,1) = 2.*ACSFLMMARM(I)/II)I)
ANGACL(1,2,1) = 2.*ACSFH*MO"ARM()I)/11(1)
IF ( I.EQ.1 ) THENU

ANGACL)I,3,1) 4.*AC-SFL*MOMARM(I)!II(I)
AW-qACL(I,4,1) =4.*ACSFN*MOMARM))/IT (I)

ELSE

ANGACL(I.3,1) =0.

ANGACL(I,4,2 = 0.U

DO 4 J = 1,4
IMCPAS)I,j) = 1
AACCEL(I,J) = ANGACL):,J, 1)

ANGACL(I,J,K) 0.I

3 CONTTNUE
4 CONTINUE

11 CONTINUE

IPASSM = I
ICNT = 0
IP2END = 1
ICOAST = 1
TP2END = 1000.0
TPOAST = 1000.0I
TP3END = 1000.0
TPDONE = 1000.0

ENDIF

C TIME SINCE LAST CALL3

DTMCA = - TLSTM"A

TLSTMA =T

C DETERMINE IF CORRECTICN REQJ:RE? AN7 SL APPPIA7F -CMMANDI

IF ( ICMLO.PQ.3 .AND. :D:S7 .-i) C
.AND. IBURNM.NC-C AND.:DNj.

IFI
C CO P ,. IN TIAL :C PIE'-,:' N : I
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IVPFL =3

IACSB1 =
IF ( ABS(ROLLER).GE.4.*CAPH7 ) VPPL = 2
OMEGAD =ROLLER*AACCEL1, IVPEL) /AB'S(ROL-LE,
IF ( SP/ROLLER.LT.O. ) THEN

RLLERO =ROLLER + SP**2/(2.*CMEEGAD)

ELSE
RLLERO =ROLLER

END IFITBACS = DSQRT(CABS(RLLEHO^)/(2.*AACcE' .j,IVPELf))- SP/OMEGAD

ELSEIF ( ABS (SP) .GT.CRPHL ) THEN

C DEFINE ROLL RATE CORRECTION COMMAND

'CMD =-,
IRATE = 1
IACSB1 = 1
IF ( ABS(SP).GT.750.*CRPH ) THEN

IVPFL = 4

ELEF(ABS(SP).GT.375.*CRPH) THEN

IVPFL = 2

ENDIF

ELSEIF CIDMEAS.NE.2 ) THENU IF CABS(PITER).GT.CATHL ) THEN

C COMPUTE INITIAL PITCH CORRECTION BURN TIME

OMEGAD =PITER*AACCEL(2,2C /ABS (PITE-R)
IF C SQIPITER.LT.O. ) THEN

PITERO = PITER + SQ**2/(2.*OME-AD)
ELSE

PITERO =PITER

ENDIF

TBACS = O)SQRT(DABS(PITERC)/(2.'AACCEL(2,2)n - SQ/OMEGAD

C ISSUE PITCH COMMAND

ICMD = 2
IVPFL = 2
IACSB1=1

ELSEIF ( ABS CLAWER) .GT.CAPSL ) THEN

OMEGAD = YAWER*AACCEL(3,2C /ABS (YAWER)
IF ( SR/YAWER.LT.O. ) THEN

YAWERO = YAWER + R*'2/t2.'UMEGAD)
ELSE

YAWERO = YAWERI ENDIF
TBACS = DSQRT(DABS(YAWERQC/(2.*AACC EL(3,2))) -SR/OMEGAD

C ISSUE YAW COMMAND

ICMD =3

IVPFL=2
IACSB1 = I

ELSEIF C TSAH.GT.T=TSMPH±EPSL .AND. :DMEAS.EQ. I THENIC ENABLE Ky AUTOPILOT

TSAL T
TSAH =

ENTLAPS = T

ELSEIF C IBURND.EQ.C ) THEN

CNULL BODY RATES BEFORE DI7STU RBANCE- PUjLSE !SSUED

IF ( ABS(SQ).GE.CRTH ) THEN
ICMD = 2
IVPFL = I
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IF ( ABS(SQ).GT.35.*CRTH ) TVEL =2

IRATE = I

ELSEIF ( ABS (SR) .GE.CRPS ) -HEN
ICMD = 3
IVPFL =1
IR (ATE S)G.3.CP ) 1VF 2
IFR(ABTE kT.5CP = 1VF
IACSBI = 1

ENDIF

ENENDIFI

C EXECUTE CONTROL LOGIC IF ATTITUDE/RATE CORRECTION REQUIRED

IF ( ICMD.NE.0 ) THEN

C ZERO ACS BURN VECTCt ANfl FqRM ANGULAR RATE AND ERROR VECTORS

TBURNA(1) = 0.

TBURNA(2) = 0.I

TBMEGA(i) SF0

OMEGA(1) = SQ

OMEGA(3) =SR

AERROR (1 = ROLLER
AERROR(2) = PITER

AERROR(3) = YAWER

C UPDATE ANGULAR ACCELERATION TABLEI

IF ( IACSON.EQ.1 ) THEN
ICNT = ICNT + 1
IF (ICNT.EQ.1 )OMEGAI(ICMD) =OMEGA(ICMD)

IF (ICNT.GE.2 )THENI
DO 12 I IMCPAS(ICMD,IVPFL),1,-1

IF (I.LT.10) ANGACL(ICMD,IVPFL,I+1)=
ANGACL (ICMD, IVPFL, I)

12 CONTINUE
ANGACL(ICMD,IVPFL,1)=DABS(OMEGAI (ICND) -OMEGA(ICMD) )/DTMCAI
DMEGAI(ICMD) = OVEGA(ICMD)
IMCPAS(ICMD,IVPFL) =IMCPAS)ICMD,IVPFL) 1
IF (IMCPAS(ICMD, IVPFL).GE.ISAMP) IMCPAS(ICMD, IVPFL)=ISAMP

ENDIF
ELSEI

ENDIF

C COMPUTE EXPECTED ANGULAR ACCELERATION

AACCEL(ICMD,IVPFL) = 0.0
DO 20 I = 1,IMCPAS(I-MD,IVPFL)

AACCEL(ICMDIVPFL) = AACCEL(ICMD,IVPFL)±ANGACL(ICMD,IVPFL,.I)
20 CONTINUE

AACCEL(ICMD, IVPFL) = AACCEL(ICMD, IVPFL) /I
DBLE (IMCPAS (ICMO, IVPFL))

C EXECUTE BURN LOGIC

IF ( IRATE.EQ.1 ) THEN

C RATE CORRECTION

IF ( IACSBI.EQ.1 ) THEN
TBURNA(ICMD) = -OMECA(ICMD)/AACCEL(ICMD,IVPFL)
DTSAMP = DABS(TBURNA(ICMD))I
TRDONE = T + DTSAMP +TLAGA + TRCNA
ITHRES = I
IACSB1 = 0
ICNT = 0

TSAL = 1000.I
TSAH = 1000.
TLAPS = 1000.

ELSEIF ( T.GE.TRDCNE )THEN
TRDONE = 1000.
IRATE = 0I

END IF
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ELSEIF ( IACSB1.EQ.I THEN

C ENABLE FIRST ATTITUDE CONTROL PULSE

3TBURNA(ICMD) =AERROR(ICMD)*TBACS/D'ABS(AERROR(ICMD))
DTSAMP = DABS(PBURNA(ICMD))
ITHRES =1
TCOAST =T + DTSAMP +TLAGA +TRDNA
ICOAST = 0
IACSB1 = 0
ICNT = 0

TSAL = 1000.
TSAH = 1000.
TLAP S = 1000.IELSEIF ( T.GE.TCOAST .AND. 7COAST.EQ.0 )THEN

C COMPUTE SECOND BURN TO LEAVE DESIRED LOW LEVEL BURN

! COAST =1

IACSB2=1
Iv ( OMEGA(ICMD).TT.0. ) THEN

DIRECT = -1.
ELSEI DIRECT = 1.
ENDIF
IF ( ICMD.EQ.1 .AND. IVPFL.EC.Z ) THEN

IVPFLN = 3
E LSEI

:VPFLN = 1I END-F
TBURN2=(OMEGA(ICMD)-DIRECT*'AACCEL(ICMD, IVPFLN) *TBURN3)

/AACCEL (ICMD, IVPFL-)3 ELSEIF , i.E.TCOAST .AND. IACSB2.EQ.1 ) THEN

C ENABLE ACS BURN WHEN ATTITUDE ERROR EQUALS EXPECTED

C DISTANCE FROM DESIRED LOW LEVEL THIRD PULSE ERROR

THET2D = OMEGA(ICMD) - AACCEL(ICMD,IVPFL)-TBURN2
THT2DD =-DIRECT*AACCEL(ICMD, IVPFLN)
THT1DD =-DIRECT*AACCEL(ICMD,IVPFL)

DELANG = 0.5*(THET2D**2 - 0MEGA(ICMD)**2)/THTIDD +
2.*THET2D*TBURN3 - 0.5*THET2D**2/THT2DD

DELNXT = AERROR(ICMD) - OMEGA(ICMD)*DTMCU

IF ( DABS(DELANG, .GE.DABS(DELNXT) ) THEN

ICNT = 0
TBURNA(ICMD) = -TBURN2
DTSAMP = DABS ITBURNA(CMD))
ITHRES = I
IP2END=I
TP2END = T + DTSAMP + ILAGA + TRDNA
DELANG = 0.

ENDIFI ELSEIF ( T.GE.TP2END .AND. IP2END.EQ.1I -H-N

C DEFINE LOW LEVEL ACS PULSE FOR 'FINE TUNING'

DELANG = 0.5*OMEGA(ICMD).*2/AACCEL(ICMD,IVPFLN)

DELNXT =AERROR(ICMD) - OMEGA(ICMD)*DTMCU
TDELAN = (DABS(AERROR(ICMD)) - DELANG)/DABS(OMEGA(ICMD))
IF ( DELANG.GE.DABS(DELNXT) .OR. TDELAN.GT.2.5-TBURN3 .OR.

OMEGA(ICMD)/AERROR(ICMD).L-.0. ) THEN
IP2END = 0IICNT = 0
TBURNA(ICMD) = -OMEGA(ICMDC /AACCEL(ICMD. IVPFLN)
DTSAMP = DABS(TBURNA(ICMD))
ITHRES = 1
IVPFL = IVPFLN

EDTP3END = T + DTSAMP + TLACA + TRDNA

ELSEIF ( T.GE.TP3END ) THENIC CORRECTION COMPLETE FOR Ith AXIS

TP3END =1000.

* DELANO- 0.
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ICMD =0 3
ENDIF

ENDIF

C DEFINE ACS LEVEL AND VALVE PAIR CONFIGURATION BASED ON
C ACCELERATION TABLE INDEX USED m

IF ( IVPFL.EQ.4 ) THEN
ACSLEV = 2.
ANVP = 2.

ELSEIF ( IVPFL.EQ.3 ) THEN
ACSLEV = 1.

ANVP = 2.
ELSEIF ( IVPFL.EQ.2 ) THEN

ACSLEV = 2.
ANVP = 1.

ELSE

ACSLEV = I.
AN V1 - i.

ENDIF 3
C UPDATE ACS BURN COMMANDS

TRATON = TBURNA(1)
TPATON = TBURNA(2)
TYATON = TBURNA(3) I

C CALCULATE NEXT TIME TO CALL

TMAUTO = T + DTMCU - EPSL

RETURN
END

FILE: uuv22.19g/dutility/uumisslt.for 3
C -----------------------------------------------------------------------

SUBROUTINE MISSLT(T, QUAT,CIM, MASS,FXA,FXT,
FRCX,FXACS,FXVCS,FYA, FYT,FRCY,FYACS,FYVCS,FZA,
FZT,FRCZ,FZACS,FZVCS,
X,Y,Z,XD, YD, ZD,UD,VQ,WD,

GB,GR,MGR,FX, FY,FZ,XDD,YDD, ZDD,MXYZDD,
CV,W, PHI,THT,PSI)

C------------------------------------------------------------------------------CI
C SUBROUTINE NAME : MISSILT

C
C AUTHOR(S) : 0.C. FOREMAN, A. P. BUKLEY
C
C FUNCTION : COMPUTES THE TRANSLATIONAL
C MISSILE ACCELERATIONS

C
C CALLED FROM FORTRAN MAIN
C

C SUBROUTINES CALLED :FV2BXII

C INPUTS : T,QUAT,CIM,MASS,FXA,
C FXT,FRCX,FXACS,FXVCS,FYA,FYT,FRCY,FYACS,
C FYVCSFZAFZTFRCZFZACSFZVCS,

C X,Y,Z,XD,YD,ZDI
C
C OUTPUTS : UD,VD,WD,PD,QD,RD,GB,GR,MGR,FX,FY,
C FZ,XDD,YDD,ZDD,MXYZDD,U,V,W,QUATD,PHI,THT,
C PSI

CI
C UPDATES : D. SISSOM - CR # 011
C T. THORNTON - CR # 012
C T. THORNTON - CR # 018
C B. HILL - CR # 030
C T. THORNTON - CR # 031
C T. THORNTON - CR # 033
C T. THORNTON - CR # 035
C T. THORNTON - CR # 037
C T. THORNTON - CR 4 049

T. THORNTON - CR 050
C D. SMITH - CR * 059
C 0. SMITH - CR * 060
C B. HILL - CR # 062 I

I
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C D. SMITH - CR 1 076
C R. RHYNE - CR 4 079
C B. HILL / - CR # 081
C R. RHYNE

C R. RHYNE - CR # 087
C B. HILL - CR # 093
C
C------------------------------------- ----------------------------------------

IMPLICIT DOUBLE PRECISION (A-H)
IMPLICIT DOUBLE PRECISION (O-Z)

REAL FRCX, FRCY, FRCZ, FXA, FYA, FZA
REAL FXACS, FYACS, FZACS, FXT, FYT, FZT
REAL FXVCS, FYVCS, FZVCS

REAL CIM(9) , CMI(9) , TMPI
DOUBLE PRECISION GB(3)
DOUBLE PRECISION GR(3)
DOUBLE PRECISION IXX , IYY
DOUBLE PRECISION IZZ , MASS , MGR
DOUBLE PRECISION MXYZ
DOUBLE PRECISION MXYZDD
DOUBLE PRECISION PQR(3)
REAL QUAT(4)
DOUBLE PRECISION QUATD(4) , UXYZ(3)
DOUBLE PRECISION UXYZDD(3) , XYZLCH(3)

C LOCAL DATA USED FOR CONSTANTS, VARIABLES AND INITIALIZATION FLAG

SAVE IMISL

* DATA INITIALIZATION
$INCLUDE('^/INCLUDE/SSMISSIL.DAT')
$INCLUDE(,^/INCLUDE/SSCON28.DAT')
$INCLUDE('^/INCLUDE/SSCON39.DAT')
$INCLUDE('^/INCLUDE/SSCON63.DAT')

DATA IMISL / 1 /
DATA NCLEAR / 0 /

IF (IMISL .EQ. 1) THEN

IMISL = 0

C COMPUTE MISSILE LAUNCH POSITION IN INERTIAL FRAME

CMI(1) = CIM(1)
CMI(2) = CIM(4)
CMI(3) = CIM(7)
CMI(4) = CIM(2)
CMI(5) = CIM(5)
CMI(6) = CIM(8)
CMI(7) = CIM(3)
CMI(8) = CIM(6)
CMI(9) = CIM(9)

IF (T .EQ. 0.0) THEN
XYZLCH(1) = XLNCH*CMI(!) * RADE
XYZLCH(2) = XLNCH*CMI(2)
XYZLCH(3) = XLNCH*CMI(3)

LNDIF

ENDIF

C DETERMINE LOCAL GRAVITY VECTOR

MXYZ = DSQRT ( Xt*2 + Y**2 + Z'2
MGR = GMU / MXYZ*'2

IF ( MXYZ.GT.O.000 ) THEN

* FTN286 X415 OPTIMIZE(3)

99999 CONTINUE
UXYZ(1) = X / MXYZ
UXYZ(2) = Y / MXYZ
UXYZ(3) = Z / MXYZ

ELSE
UXYZ(1) = 0.00
UXYZ(2) = 0.ODO
UXYZ(3) = 0.0D0

ENDIF

I
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C CALCULATE GRAVITY VECTOR :N :NERTIAL AND BODY FRAMES

,3;11 -- MvCP-UxYZ I1
GR(2) = - MGR*UXYZ(2)
GR(3) = - MGR*UXYZ(3)3

Go~t!) = CIM(I)-GR(1) ,CIM(4)'GR(2) + CIM(7)*GR(3)
GB(2) = CIM(2)*GR(l) +- CIM(5),GR(2) + CIM(B)*GR(3;
GB(3) = CIM(3)*GR(l) + CIM(6)*GR(2' CIM(9)*GR(3)

C CALCULATE TOTAL FORCES3

FX = P'XT + FXA' + FRCX +FXACS + FXVCS
FY = FY' + FYA + FRCY +FYACS +FYVCS

FZ = FZT +- FZA + FRCZ + ZACS +FZVCS

C MISSILE CLEARED THE LAUNCHER

IF ( NCLEIAR.EQ.1 ) THEN
UD = X/MASS + GB(1)
VD FY/MASS + GB(2)
WD =FZ/MASS + GB(3)

C MISSILE STILL ON GROUND

ELSE IF (FX/MASS.LE.DABS(GB(1)) )THEN3
GB(1) = 0.0
GB(2) = 0.0
GB(3) = 0.0

GR{1) = )- C
GR(2) = D.C
GR(3) = ). 0
UD = 0.0
VD = 0.0
WD = 0.0

C MISSILE OFF GROUND BUT NOT CLEAR OF THE LAUNCHERI

ELSE IF ( X.LE.XYZLCH(l) .AND. Y.LE.XYZLCH(2) .AND.
Z.LE.XYZLCH(3) ) THEN

GB(2) = 0.0

GB(3) = 0.0

GR(2) = CMI (2) *GB(1-)
GR(3) =Cmi (3) *GB (1)
UD = FX/MASS + G3(1)

D =0.01
VD = 0.0

C MISSILE JUST NOW CLEARING LAUNCHER

ELSE3
NCLEAR = 1
CALL OUTMES(0901,T,0.ODD)
UD = FX/MASS + GB(I)
VD = FY/MASS + GB(2)
WD = FZ/MASS + GB(3)

ENDIF

C TRANSFORM BODY ACCELERATIONS TD INER-IA FRAME

XDD = CMI(1)*UD + CMI(4)*VD + CMI(7)-WDI
YDD = CMI(2)*UD +CMI(5)*VD + CMI (8)*WD
ZDD = CMI (3) UD + CMI(6)*VD -CMi(9)*WD

MXYZDD = DSQRT ( XDD**2 + YDD**2 -ZD*2

IF ( MXYZDD.GT.0.ODD ) THENI

99998 CONTINUE
UXYZDD(1) = XDD /MXYZDD
UXYZDD(2) =YDD /MXYZDD

ESUXYZDD(3) = ZDD /MXYZDD

UXYZDD(l) = 0.OD0
UXYZDD)2) = 0.000
UXYZDD(3) =0.00

ENDIF

C COMPUTE BODY-TO-INERTIAL TRANSFORMATION MATRIXU
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CALL FV2BXI(QUAT,TMPI.CMI)

CTM11) = CMI(1)
CIM(2) = CMI(4)
CIM(3) = CMI(7)
CIM(4) = CMI(2)
CIM(5) = CMI(5)
CIM(6) = CMI(8)
CIM(7) = CMI(3)
CIM(8) = CMI(6)
CIM(9) = CMI(9)

C COMPUTE EULER ANGLES

PHI = DBLE(ATAN2(CIM(8),CIM(9)))
THT = -DBLE(ASIN (CIM(7)))
PSI = DBLE(ATAN2(CIM(4),C:M(I)))

C TRANSFORM INERTIAL VELOCITY TO BODY FRAME

U = CIM(1)*XD + CIM(4)*YD + CIM(7)-ZD
V = CIM(2)*XD + CIM(5)*YD + CIM(8)*ZD
W = CIM(3)*XD + CIM(6)*YD + CIM(9)*ZD

RETURN
END

FIIE: uuv22.19g/dutility/uummk.for

C -----------------------------------------------------------------------
SUBROUTINE MMK(A,NA,B,NB,C,NC,RM)

C------------------------------------------------------------------------------
C
C SUBROUTINE NAME MMK
C
c AUTHOR(S) J. SHEEHAN
C
C FUNCTION : GENERATES A DIRECTION COSINE MATRIX
C BY ROTATING IN ORDER:
C 1) ANGLE C ABOUT THE NC AXIS
C 2) ANGLE B ABOUT THE NB AXIS
C 3) ANGLE A ABOUT THE NA AXIS
C
C CALLED FROM : UTILITY SUBROUTINE
C

SUBROUTINES CALLED : ROTMX, MMLXY
C

C INPUTS : A, NA, B, NB, C, NC
C
C OUTPUTS : RM

C UPDATES D. SMITH - CR # 59
C
C------------------------------------------------------------------------------
C

IMPLICIT REAL (A-H)
IMPLICIT REAL (O-Z)

C
DIMENSION AM(3,3), BM(3,3), CM(3,3), RM(3,3), T(9)

C
CALL ROTMX(A,NA,AM)
CALL ROTMX(BNB,BM)
CALL ROTMX(C,NC,CM)

C
CALL MMLXY(BM,CM,T)
CALL MMLXY (AM, T, RM)

C
RETURN
END

FILE: uuv22.19g/dutility/uummlxy.for

C -----------------------------------------------------------------------
SUBROUTINE MMLXY(X,Y,Z)

C- -----------------------------------------------------------------------
C
C SUBROUTINE NAME MMLXY
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C AUTHOR(S) j. SHEEHAN

C
C FUNCTION MULTIPLY TWO 3X3 MATRiCES
C
C CALLED FROM : UTILITY SUBROUTINE
C
C SUBROUTINES CALLED : NONE
C
C INPUTS : X, Y
C
C OUTPUTS : Z
C

C------------------------------------------------------------------------------
C UPAEI .SMT R#5

IMPLICIT REAL (A-H)

IMPLICIT REAL (O-Z)
C

DIMENSION X(3,3), Y(3,3), Z(3,3)
C I
C Z(I,J) = X(I 1)*Y(IJ) + X(I,2)*Y(2,J) + X(I,3)"Y(3,J)
C

Z(1,1) - - X(1,2)*Y(2,1) + X(1,3)'Y(3,1)Z(2.1) = X(2,1)-Y(I,I) + X(2,2)-Y(2,1) + X (2, 3)*Y (3,1)1
Z(3,1) = X(3,1)*Y(I,!) + X(3,2)*Y(2,1) + X (3, 3) *Y(3,1)1
Z(1,2) = X(I,I)*Y(1,2) + X(I,2)-Y(2,2) + X(1,3)*Y(3,2)
Z(2,2) = X(2,1)-Y(I,:) + X(2,2)*Y(2,2) + X(2,3)*Y(3,2)Z(3,2) = X(3,1)*Y(I,2) + X(3,2)*Y(2,2) + X(3,3)-Y(3,2)
Z(1,3) = X(I,I)*Y(I,3) + X(I,2)*Y(2,3) + X(I,3)*Y(3,3)1

Z(2,3) = X(2,1)*Y(1,3) + X(2,2)*Y(2,3) + X(2,3)*Y(3,3)Z(3,3) = X(3,1)*Y(I,3) + X(3,2)*Y(2,3) + X(3,3)*Y(3,3)
C

RETURN
END

FILE: uuv22.19g/dutility/uunavig.for

C------------------------------------------------------------------------------
SUBROL.INE NAVIG(T,DELPHI,DELTHT,DELPSI,DELU,DELV,DELW,GR,

QS1,CIE, SP,SQ, SR, SUD,SVD, SWD,VMIR, RMIR, TI2M,
SPHI,STHT,SPSI,SU,SV,SW,AT,VMIRMI,TONAV)

C ---- ------------------------------------------------------------------
C

C SUBROUTINE NAME NAVIG
C
C
C FUNCTION : COMPUTES THE QUATERNIONS AND TRANSFORMATION
C MATRICES USING DELTA ANGLES SENSED BY THE I
C GYRO. COMPUTES THE POSITION AND VELOCITY IN
C INERTIAL AND EARTH-CENTERED FRAMES.
C COMPUTES SENSED BODY RATES, EULER ANGLES AND
C THE GRAVITY-COMPENSATED ACCELERATION.
C i
C CALLED FROM : FORTRAN MAIN
C
C SUBROUTINES CALLED : NONE
C
C INPUTS : T,DELPHI,DELTHT,DELPSI,DELU,DELV,DELW,
C GR, CIE
C
C OUTPUTS QS!,TI2M,SPHI,STHT,SPSISU,SV,SW,AT,VMI,RMI
C

C BOTH SP,SQ,SR,SU,SVD,SWD,VMIR,RMIR,TONAVI

C UPDATES : T. THORNTON - CR # 026
C B. HILL - CR # 019
C B. HILL - CR # 022
C B. HILL - CR # 030
C T. THORNTON - CR # 033
C T. THORNTON - CR # 037

D. SMITH - CR # 059
C B. HILL - CR # 062
C D. SISSOM - CR # 069
C D. SMITH - CR # 070
C D. SMITH - CR # 075
C "M',T - CR # 076 I

I
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C B. HILL! CR* 4 ) 8
C R . RHYNE
C R. RHYNE - CR, # 08,
C P . HILL - R 089
C D. SMITH -CR 092
C B. HILL -CR # 093
C
C ------------------------------------

IMPLICIT DOUBLE PRECISION (A-E)
IMPLICIT DOUBLE PRECISION (O-Z)

REAL SP ,SQ ,SR

DOUBLE PRECISION VMIR(3) ,RMIR(3) ,VMI)(3)

DOUBLE PRECISION RMI)3)
REAL T12M)9)
DOUBLE PRECISION GR,3)
DOUBLE PRECISICN CIE(9)
REAL AT(3)
DOUBLE PRECISION QS1(4) G RAVG()
DOUBLE PRECISION GRLAST(3)

C LOCAL DATA USED FOR CONSTANTS, VARIABLES AND INTT:ALIZAT,:0N --LAc

SAVE INAVIG

DATA INITIALIZATION

$INCLUDE()' '/INCLUDE/SSNAVIG. DAT')

DATA INAVIG / I /

IF ( INAVIG.EQ.1 ) THEN

INAVIG = 0

QSlM = DSQkT ('.2s1I)**2 , SI (2) '2 QSI (3) '2 QSl (u)-2)
IF ( QS1M .EQ. 0. ) THEN

C COMPUTE QUATERNION COMPONENTS

SITHO = DSIN(STHT/2.0D0)
COTHO = DCOS(STHT/2.ODO)
SIPSO = DSIN(SPSI/2.ODO)
COPSO = DCOS(SPSI/2.D0)

- Dsr" ct'-
COPHO = DCOS(SPHI/2.0D0(

C CALCULATE QUATERNIONS

QS1(4) = COPS0*COTH0*C3PH3 SIPSC*SITHO*SIPHO
Q61(1) = COPSC'COTHO'S:PHC S'PS,0'S17H0*COPH0
051 (2) = COPS0*SITH0*C0PHD SIPSC'COTHD'STHC
Q-51(11 = -COPS0*SITHC'SIPH0 SIPS0*COTHC*CPHC

C COMPUTE TRANSFORMATION MACRICE-S

T12M)l) = QS1(4)**2 +QSI)**'2 - QSl)2)**2 - QSI(3)**2
T12M(2) = 2.000' )QS1 (1)*QS1 (2) - QSI (4)*'051(3))
T12M(3) = 2.000' (051 (1)*Q05(3) + QSO (4) 051 (2))
T12M(4) = 2.000 Q(051)( S51(2) +- QSL(4)'QS1 (3)
T12M(5) = QSI (4)**2 - QSI (1) ''2 + 051 (2) ''2 - QSI (3) ''2
T12M(6) = 2.000' (051(2),'051(3) - Q51 (4) QS1 (1))
T12M(7) = 2.000' (051 (1.)*'05(3) - 051 (4)-'051(2))
TI2M (8) = 2.00'(051(2) 'OSI (3) QSI51(4)*'051(!))
T12M) = SI(4('2 - S5(i)**2 - 0512)**2 0S1(3)**2

ENOIF
ENDIF

D T FL, = C-TCNAV

T0NAV = T

C COMPUTE CORRECTE-D ITGA ~
DIX = 0.500'DELPHI
DTY =c.5Dc*DELTHT

DTZ 0.50'DELSI

C INTERMEDIATE COMPUTATIO(NS

PPO DTX**2 +DTY*2 +DTZ' *2
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Pp = PPDTx - 6.UUCL-Y )
PP2 = P-T ::~:z
PP3 = PPO*DTZ D:::U.-Y *::x

SET PAST VAL'UES CF CCRRECTED :N:O;FvFN':A: PRUF IFIUL

DTXO = X TY X
DTZO = DTY

C UPDATE CURRENT VALUE7S CF CURFOTU IC
2

MENTAL AN'L

DTx = DTx - i
DTY = DTY - P?2
DTZ -.ZI - ?P3

C CALCUL-ATE DELTi QUATERNI,:N-

DUM = -3. $DOPPO
PQO = DUM*QS'(4) - DTXQ51:) - D~S)) -DZ-QS (3)

P1 = DTX0QS1 (4) +DUM*QS: K-) D-TZ-QS. 2 DTY*QSI (3)
?02 - 'TY*QSI(4) - DTZ*QsI ) OMS.)n :xl:3
PQ3 = DTZ*QS' (4; DTY*QS1I K)- xO:2*UMQS(3

UPDATE QUATERNIONS

QSI(4) = QSI(4) + PQC
QST (1) = QSi (1) + POT

051(3) = QS'(';) + PQ3

C NORMALIZE QUATERNIONS

QST(i) = QST()2(.ODC * 00)
QS1(2) = QSI(2)*K.0DO + DQ)
QSI(3) = QS.(3)(1.00D DQ)
QSI(4) = QS1(4(1K.D + D0)I

C COMPUTE TRANSFORMATICN MARCE

T12M(1) = ST (4)**2 + OSI (1)**2 - QsI (2)**2 - Si (3)**2
TI2M(2) = 20ODO*(QST (1)*Q51(2) - SI (4)*0S1 (3) I
T12M(3) = 2.000 (QST (1) 'S± (3) QSI(4)*QST (2)
T12M(4) =2.CDO (QSI (1) *QS1 (2) Q51 (4)*QSI (3))
T12M(5) = QSI(4)*-2 - QS1()12 + 0S1)2)* .2 - QSI23)**2
T12M(6) = 2.CDO*(QS1(2('OSI) - S1(4)*QS1(1)(
TI2M(7) = 2.0130*(QST K) QS1 ),, - OSI(4) 'QSI(2) I
T12M(8) = 2.ODO*(QSI(2)*S(3) QSI)4)*0S2()
i'i2M(9) = QSI(4)**2 - QS1('))2 -QS12)?)*2 - SI23)-2

C COMPUTE SENSED EULER ANGL-ES

SPHI = DBLE(ATAN2)TT2YMS),712Y.)9)))I
STHT = -DBLE(ASIN (TT2M)7)()

rsl = D13LF ATAN2Ti72M(4, ,'2M'

C CALCULATE SENSED ANGULAR RATES AND ACCELERAT:CONS :N BODY FRAME

IF ( DTDEL.GT.O.ODO ) THEN
SP = DELPHI/DTDEL
SQ = DELTHT/DTDEL
SR = DELPSI/DTCEL-
SUD = DELU/DTOELI
SVD = DELV/DTOEL
SWD = DELW/DTDEL

ENDIF

NOT INCLUDE GRAVITY )I

C NOTE AT = (SUD,SVD,SWD( * TRLANSPOSE[7M211

AT(1) T12M(l(*SUD - T12M(2)*SVr, + 2M(3)*SWD
AT(2) = T12M(4)*SUD - 712M)(SVD - 72M()(5WDI
AT(3( = TI2M(7 *SUD T:72M(8(oSVD TI-2M(9)*SW

C7 TRANSFORM THE SENSED DELA VLT : NTOC INERT1:A.L, OKN ATE

UELXD T12M(*DELU' L2M)2jOOLZ7V T~3OU
DELYS T12M(4)*[EI.U - T:2M(5)*DELV, -T2M(6)*DEL7.

DELZD = T12M(7)*DELU +TI2M)(DELV TI12M(9)*,:.w
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SRA 'A 0' ARK)

SA (12) GU

RAVAP SUP'N~ .<LAVF0

IRLTDZLZRA =(3AG

DF\XI V3L -v -. -3(

RM:R(W:) RMRK 0T21L(VMIR(Iy - .SZ>ZEZXZ
RM:R)2) =NTM NV> ZT:BL'(VM:R(2) - .5BZ*DELYIH
RMNR(3) =~ RM:u3 :7012* (VMIFA3i :.5DCFLZ:)

vm:?):) =-MRl) DW
VM:R(2)= VX:R(2) +EY

VM:R(3) = MNR3 DE12'

T RANSFORM SENSED :FT:AL VE!G7K :%71TOO0vFRME

so. =T:2M(:i*VM:RN) - :2M(4u.VM:R(. -

sv =T7:2M;2)-VM:Nm~ T:2M2, -Vs.?)) T:2MS; WMYsl~l
sw -T72M)3)*VMTR(1) 712TM(QA (2: - T:i3)0M:UR (

2TRANSFORM THE SENS?? : NERT:A. 0.'xS :.o-NT? EARTH Z00?: NAE 7?.

NM: K) = ___ 1 N'tiN (A - 111K)*NM:R)2) C :E1)) M:R;3)
?M:12) = C:E)2)*RM..1: r(c)..)M:( A - 2:E(8SANM:N(3(
NM:13) = 7:E1)* M:R)I) CAViE AMA?)& =31))RMN)3)

VV )'l ?I1(T)"VM3)4)1) 2 .Z(4)'VM:R ) - !E7*yRj

2:F 3: 0M:N (3.

RV:l

R W

Sj3ROL:T:NFlM ."

7 SUBRRO:7:lF NAMECP

c AUTHOR(S) 2 .S:-

2 FUNO7!C -iKAE NZRMAIL 2:STR :37:2 RAIPIM

A ?FR2M:

SF3=77slu PIN.

70T

sPDAT? 7p oq2
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D OUBLEI PRFOISIDN MNI
:NTEOERIl:.7

SAVE OSEL- - Si
DATA O;SET/C?./ :SE-',l

DATA ONE / I. DODI /
DATA TWO 2.103

IFA SPAC- RAN"
0
CM N'MLDE IS NITA:IAL /t 4 P''.

DIENFRATE IWO NEWW D0z I
ISET.FQ.D -HEN

OFT7 TWO UNIFORM RAND'OM NUMBIERS WTHIN OFSQUARE EXTFNO",. ,-

-1OM TO 00 N EAOH1PUTD

VI - 'W0"ERN SFDI - -,F
V2 = TWO*RANCO'SP--- - ONE

SEE IF THEY ARE WITHIN THE UNIT O:ROLE.? NOTTRY AG-AIN-

R =VI*V1 V2V1,2

IFCR.OE.ONE GO 0012 1

c PERFORM BOX-MULLER TrANSFORMATION TO3 DENERATE TWO DIAUSS>ANI
RANDO'M NUMBERS .R"UNOEADSAVE THE OTHER FOR THiE NEXT

c PASS.

FAC DSORT WC*DC-()I

GSET = IA*V
U SE GAU:SSIAN R-ANDOM NUMBER CARRE= OVER FROM PREVI~OUS PASS

ELSE IF I -SET.E-'Q.1 ) THENI
RON = MN ,SD'OSET
ISET =

ENOWF

RET UP NU
E ND

. i .)v 22 1 9q /I-zt _ 1:: y /,uobtarq. 'c:

O SUBROUTINE NAME OBTARG

c AUTHOR(S) 0. 5150DM

c FUNCTION COMPUTES THE ON9OARD TP E STIMATEL-S

c ALLED FROM FORTRAN MAIN

SUBROUTINES CALLED NONE

INPUTS T,O;RTFST.

BOTH RT-E S, OS T, L

U:PDATES B. HIL 3. OR

T- ; R -. C N P # 14 I
B0. SM:* ':

7 RP. RHYN
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R. RHYNE - CR # 087
C D. SISSOM - CR # 091

C B. HILL - CR 4 093

IMPLICIT DOUBLE PRECISION (A-H)

IMPLICIT DOUBLE PRECISION (O-Z)

DOUBLE PRECISION RTEST(3) , VTEST(3)
DOUBLE PRECISION GRTEST(3) GRTPST(3) , GRTAOB(3)
DOUBLE PRECISION TARPOS(3) TPUVEL(3)

INTEGER FIRST2

DATA INITIALIZATION
IINCLUDE(,^/INCLUDE/SSOBTARG.DAT')
$INCLUDE('^/INCLUDE/SSCON65.DAT')

IF ( FIRST2 .EQ. 1 ) THEN
F IRST2 = 0
TL2 = T

C INITIALIZE ESTIMATED TARGET STATES

fDO 45 IAXIS = 1, 3
RTEST(IAXIS) = TARPOS(IAXIS)
VTEST(IAXIS) = TARVEL(IAXIS)

45 CONTINUE
ELSE

C INTEGRATE TARGET ACCELERATION AND VELOCITY USING AVERAGE
C GRAVITY VECTOR OVER LAST INTERVAL

TDELT = T - TL2
TL2 = T
DO 2 I = 1,3

GRTAOB(I) = 0.5DI ( GRTEST(I) + GRTPST(I)
RTEST(I) = RTFST(I) + VTEST(I)*TDELT +

0.5DO*GRTAOB(I)*TDELT*TDELT

VTEST(I) = VTEST(I) + GRTAOB(I)*TDELT
CONTINUE

ENDIF

C SAVE GRAVITY VECTOR FOR USE ON NEXT PASS

DO 3 I = 1,3
GRTPST(I) = GRTEST(I)

3 CONTINUE

RETURN
END

FILE: uuv22.19g/dutility/uuoutmes.for

SUBROUTINE jUTMES(N,T,ARG)
INTEGER N
DOUBLE PREGISION T,ARG

$INCLUDE(':PFP:INCLUDE/TARGET.FOR')
CHARACTER*80 MESSAGE

C
C PROGRAM: MAIN (0101... 0200)
C

IF ( N.EQ.0101 ) THEN
WRITE(MESSAGE,0101) T

0101 FORMAT(IX,E16.9,' IST STAGE SEPARATION')
GO TO 99999

END IF

IF ( N.EQ.0102 ) THEN
WRITE(MESSAGE,0102) T

0102 FORMAT(IX,El6.9,' 2ND STAGE SEPARATION')
GO TO 99999

END IF

IF ( ' .EQ.0103 ) THEN
WRIfE(MESSAGE,0103) T

0103 FORMAT(IX,E16.9,' DROP NOSE FAIRING AND BOOST ADAPTER')
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GO TO 99999
END IF m
IF ( N.EQ.0104 ) THEN
WRITE(MESSAGE,0104) T,ARG

0104 FORMAT(!XE16.9,IXE16.9)

GO TO 99999IEND IF

IF ( N.EQ.0105 ) THEN

WRITE(MESSAGE,0105) T,ARG
0105 FORMAT(1X,E16.9,' MISS = ',E16.9)

GO TO 99999
END IF

C SUBROUTINE: CMPINV (0201.. .0300)

C
IF ( N.EQ.0201 ) THEN
WRITE(MESSAGE, 0201)

0201 FORMAT(' MATRIX SIZE TOO LARGE IN CMPINV')
GO TO 99999

END IF

C SUBROUTINE: DISCRT (0301.. .0400)

C
IF ( N.EQ.0301 ) THEN
WRITE(MESSA7E, 0301)

0301 FORMAT(' SYSTEM ORDER TOO LARGE IN DISCRT')
GO TO 99999

END IF

IF ( N.EQ.0302 ) THEN
WRITE(MESSAGE, 0302)

0302 FORMAT(' SUITABLE CONVERGENCE WAS NOT REACHED IN DISCRT')
GO TO 99999

END IF

C3
C SUBROUTINE: EIGVEC (0401.. .0500)
C

IF ( N.EQ.0401 ) THEN
WRITE(MESSAGE, 0401)

0401 FORMAT(' MATRIX SIZE TOO LARGE IN EIGVEC')
GO TO 99999

END IF

CI
C SUBROUTINE: HQR (0501.. .0600)
C

IF ( N.EQ.0501 ) THEN
WRITE(MESSAGE, 0501)

0501 FORMAT(' TOO MANY ITERATIONS IN HQR')
GO TO 99999

END IF

C
C SUBROUTINE: KALMAN (0601.. .0700)
C

IF ( N.EQ.0601 ) THEN
WRITE(MESSAGE,0601) T

0601 FORMAT(IX,E16.9,' INITIATE ACQUISITION PHASE')
GO TO 99999

END IF

IF ( N.EQ.0602 ) THEN

WRITE(MESSAGE,0602) T
0602 FORMAT(lX,E16.9,' INITIATE TRACK PHASE-)

GO TO 99999
END IF

IF ( N.EQ.0603 ) 'HEN
WRIT2(MESSAGE,0603) T

0603 FORMAT(IX,E16.9,' INITIATE TERMINAL PHASE-)
GO TO 99999 I

I
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IF ( N.EQ.0604 ) THEN
WRITE(MESSAGE, 0604) T,ARC

0604 FORMAT(1X,E16.9,' ACQUIS:TION MODE ENABLED: MAGRO = ',E16.9)
GO TO 99999

END IF

IF ( N.EQ.0605 ) THEN
WRITE(MESSAGE,0605) T,ARG

0605 FORMAT(IA,E16.9,' TRACK MODE ENABLED: MAGRO = 1,E16.9)
GO TO 99999

END IF

IF ( N.EQ.0606 ) THEN
WRITE(MESSAGE,0606) T,ARG

0606 FORMAT(IX,E16.9,' CSO MODE ENABLED: MAGRO = ',E16.9)

GO TO 99999
END IF

IF ( N.EQ.0607 ) THEN

WRITE(MESSAGE,0607) T,ARG
0607 FORMAT(IX,E16.9,' TERMINAL MODE ENABLED: MAGRO ',E16.9)

GO TO 99999
END IF

C
C SUBROUTINE: MATINV (0701.. .0800)
C

IF ( N.EQ.0701 ) THEN

WRITE(MESSAGE, 0701)
0701 FORMAT(' MATRIX SIZE TOO LARGE IN MATINV')

GO TO 99999
END IF

C
C SUBROUTINE: MCGUID (0801.. .0900)
c

IF ( N.EQ.0801 ) THEN
WRITE(MESSAGE,0801) T

0801 FORMAT(1X,E16.9,' KV PITCHOVER COMPLETE',
& ' - BEGIN DISTURBANCE MEASUREMENT')

GO TO 99999
END IF

IF ( N.EQ.0802 ) THEN
WRITE(MESSAGE,0802) T

0802 FORMAT(1X,E16.9,' DISTURBANCE MEASUREMENT COMPLETE',
& ' - ORIENT KV TO LOS')

GO TO 99999
END IF

IF ( N.EQ.0803 ) THEN

WRITE(MESSAGE,0803) T
0803 FORMAT(IX,E16.9,' KV ORIENTATION COMPLETE')

GO TO 949999
END IF

C
C SUBROUTINE: MISSIL (0901 ...1000)
C

IF ' N.EQ.0901 ) THEN
WRITE(MESSAGE,0901) T

0901 FORMAT(IX,E16.9,' MISSILE HAS CLEARED THE LAUNCHER')
GO TO 99999

END IF

C
C SUBROUTINE: OPTSSC (1001.. .1100)
C

IF ( N.EQ.1001 ) THEN
WRITE(MESSAGE, 1001)

1001 FORMAT(' MAXIMUM NUMBER OF STATES EXCEEDED :N OPTSSC')
GO TO 99999

END IF
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C SUBROUTINE: RAN0 (1101...1200)

C
IF ( N.EQ.1101 ) THEN
WRITE(MESSAGE, 1101)

1101 FORMAT(' RANDOM NUMBER OUT OF BOUNDS IN RAN0')
GO TO 99999

END IF

C SUBROUTINE: SEEKER (1201... 1300)

C
IF ( N.EQ.1201 ) THEN
WRITE(MESSAGE,1201) T

1201 FORMAT(IX,E16.9,' TRUE LOS ANGLE EXCEEDS FIELD-OF-VIEW LIMIT')
GO TO 99999

END IF

IF ( N.EQ.1202 ) THEN
WRITE(MESSAGE, 1202) T

1202 FORMAT(IX,E16.9,' TARGET REACQUIRED-)
END IF
IF ( N.EQ.1203 ) THEN

WRITE(MESSAGE,1203) T,ARG
1203 FORMAT(IX,E16.9,' FRAME RATE CHANGE: FRMRAT = ',E16.9)

GO TO 99999
END IF

CI
C SUBROUTINE: SSPLAG (1301.. .1400)
C

IF ( N.EQ.1301 ) THEN
WRITE(MESSAGE, 1301)

1301 FORMAT(' BUFFER SIZE INSUFFICIENT IN SSPLAG')
GO TO 99999

END IF

C
C SUBROUTINE: TARGET (1401... .1500)U

IF ( N.EQ.1401 ) THEN
WRITE(MESSAGE, 1401) T,ARG

1401 FORMAT(1X,E16.9,' TARGET RESOLVED: RANGE = ',E16.9)
GO TO 99999

END IF

C SUBROUTINE: VCSLOG (1501.. .1600)
C

IF ( N.EQ.1501 ) THEN
WRITE(MESSAGE,1501) T,ARG

1501 FORMAT(IX,E16.9,' ISSUE MIDCOURSE DISTURBANCE BURN',
&GO TO 99999 VCS THRUSTER ',F2.0)

END IF

IF ( N.EQ.1502 ) THEN
WRITE(MESSAGE,1502) T,ARG I

1502 FORMAT(IX,E16.9,' ISSUE MIDCOURSE BURN ',F2.0)
GO TO 99999

END IF

IF ( N.EQ.1503 ) THEN I
WRITE(MESSAGE, 1503) T,ARG

1503 FORMAT(1X,E16.9,' ISSUE MIDCOURSE BURN ',F2.0,
& ' - BURN TIME BELOW THRESHOLD')

GO TO 99999 I
END IF

IF ( N.EQ.1504 ) THEN
WRITE(MESSAGE,1504) T

1504 FORMAT(IX,E16.9,' ISSUE FIRST BURN')
GO TO 99999 l

END IF

IF ( N.EQ.1505 ) THEN I
I
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WRITE(MESSAGE, 1505) T

1505 FORMAT(IX,E16.9,' ISSUE FIRST BURN',
& ' BURN TIME BELOW THRESHOLD')

GO TO 99999
END IF

IF ( N.EQ.1506 ) THEN
WRITE(MESSAGE, 1506) T

1506 FORMAT(IX,E16.9,' ISSUE SECOND BURN)
GO TO 99999

END IF

IF ( N.EQ.1507 ) THEN
WRITE(MESSAGE,1507) T

1507 FORMAT(IX,E16.9,' ISSUE SECOND BURN',
& ' - BURN TIME BELOW THRESHOLD')

GO TO 99999
END IF

IF ( N.EQ.1508 ) THEN
WRITE(MESSAGE, 1508) T

1508 FORMAT(IX,E16.9,' ISSUE THIRD BURN')
GO TO 99999

END IF

IF ( N.EQ.1509 ) THEN
WRITE(MESSAGE,1509) T

1509 FORMAT(lX,E16.9,' ISSUE THIRD BURN',
& ' BURN TIME BELOW THRESHOLD')

GO TO 99999
END IF

WRITE(MESSAGE,0001) N
0001 FORMAT(' ERROR: MESSAGE NUMBER = ',14)

99999 CONTINUE
CALL OUTPUTMESSAGE( %VAL(CHARACTER 08BIT), MESSAGE
CALL OUTPUTNL

RETURN
END

FILE: uuv22.19g/dutility/uuran.for

REAL FUNCTION RAN(ISEED)
C------------------------------------------------------------------------------

C SUBROUTINE NAME : RAN
C
C AUTHOR(S) : 0.F. SMITH
C
C FUNCTION : GENERATES A UNIFORMLY DISTRIBUTED RANDOM
C NUMBER
C
C CALLED FROM : UTILITY SUBROUTINE
C
C SUBROUTINES CALLED : NONE
C
C INPUTS : NONE
C
C OUTPUTS : RAN
C
C BOTH : ISEED
C
C UPDATES : NONE
C
C -----------------------------------------------------------------------

INTEGER*4 ISEED

iseed = 69069*iseed + 1
ran = abs(float(iseed)/2147483647.0)
RETURN
END
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FILE: uuv22.19q/dutility/uuran0.ocr

C -----------------------------------------------------------------------
DOUBLE PRECISION FUNCTION RAND(ISEED)

C------------------------------------------------------------------------------
C i
C SUBROUTINE NAME : RANG
C
C AUTHOR(S) : 0.F. SMITH
C
C FUNCTION : GENERATES A UNIFORMLY DISTRIBUTED RANDOM
C NUMBER BETWEEN 0 AND I USING THE SYSTEM
C ROUTINE RAN(ISEED) . THE BUFFER IN COMMON
C BLOCK RANCOM IS INITIALIZED BY CALLING
C ROUTINE RANIT
Ci
C CALLED FROM : UTILITY SUBROUTINE
C
C SUBROUTINES CALLED RAN
C
C INPUTS NONE
C
C OUTPUTS RAND
C
C BOTH ISEED
C
C UPDATES : NONE
C
C -----------------------------------------------------------------------
C
C NOTE : IMPLICIT DOUBLE PRECISION IS NOT NEEDED SINCE THE OUTPUT
C OF RAN IS SINGLE PRECISION

INTEGER*4 ISEED

COMMON / RANCOM / RANSEQ(97), RANLST 3
C USE PREVIOUSLY SAVED RANDOM NUMBER AS BUFFER INDEX AND MAKE
C SURE ARRAY BOUNDS ARE NOT EXCEEDED

J = 1 + INT ( 97.0*RANLST
IF ( J.LT.1 .OR. J.GT.97 ) THEN

CALL OUTMES(1100,0.ODO,0.ODO)
END IF

C RETRIEVE RANDOM NUMBER FROM BUFFER FOR OUTPUT AND SAVE IT FOR
C USE AS AN INDEX ON THE NEXT PASS .

RANLST = RANSEQ(J)
RAND = DBLE ( RANLST

C LOAD A NEW RANDOM NUMBER IN THE SLOT JUST VACATED . I
RANSEQ(J) = RAN ( ISEED

RETURN
END

FILE: uuv22.19g/dutility/uuranit.for

C--------------------------------------------------------------------------------------------------I
SUBROUTINE RANIT ( ISEED )

C------------------------------------------------------------------------------
C
C SUBROUTINE NAME : RANIT
C
C AUTHOR(S) : 0.F. SMITH

C
C FUNCTION : INITIALIZES A TABLE OF RANDOM NUMBERS FOR
C USE BY THE UNIFORM RANDOM GENERATOR RAND
CI
C CALLED FROM : EXECUTIVE ROUTINE

C
C SUBROUTINES CALLED : RAN
C
C INPUTS : NONE

C OUTPUTS : NONE

I
I
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C BOTH ISEED
CC UPDATES :NONE
C

C NOTE : IMPLICIT DOUBLE PRECISION IS NOT NEEDED SINCE THE OUTPUT

C OF RAN IS SINGLE PRECISION

INTEGER*4 RANIT

COMMON / RANCOM / RANSEQ(97), RANLST

C EXERCISE SYSTEM ROUTINE

DO 10 I 1 , 97
DUMMY = RAN ( ISEED

10 CONTINUE

C STORE 97 RANDOM NUF3ERS IN BUFFER ( 97 IS NOT SPECIAL

DO 20 I = 1 , 97
RANSEQ(I) = RAN ( ISEED

20 CONTINUE

C SAVE ANOTHER RANDOM NUMBER TO USE FOR INDEXING BUFFER

RANLST = RAN ( ISEED

RETURN
END

FILE: uuv22.19g/dutility/uurelat.for

C . . . . . . . . ..
SUBROUTINE RELAT(RTIC,VTIC,X,Y,Z,XD,YD,ZD,Q,R,CIM,CMS,RRELTR,

MAGRTR,VRELTR,MGRDTR,MAGLOS, LAMTRU, LAMDXX,
LAMDTR, LAMSEK,LAMDSK,TGOTR,RRELM,VRELM,CAZCEL)

C------------------------------------------------------------------------------
C
C SUBROUTINE NAME : RELAT
C
C AUTHOR(S) : T. THORNTON
C
C FUNCTION : COMPUTES RELATIVE RANGE, RANGE RATE,
C TIME-TO-GO, LOS ANGLES AND RATES

C
C CALLED FRUM : FORTRAN MAIN
c
C SUBROUTINES CALLED : NONE
C
C INPUTS : RTIC,VTIC,X,Y,Z,XD,YD,ZD,Q,R,CIM,CMS
C
C OUTPUTS : RRELTR,MAGRTR,VRELTR MGRDTR,MAGLOS,LAMTRU,
C LAMDXX,LAMDTR, LAMSEK,LAMDSK, TGOTR, RRELM,
C VRELM,CAZ,CEL
C
C UPDATES : T. THORNTON - CR # 037
C B. HILL - CR # 038
C T. THORNTON - CR # 048
C D. SMITH - CR # 059
C B. HILL / - CR # 081
C R. RHYNE
C D. SISSOM - CR # 091
C B. HILL - CR # 093C
C------------------------------------------------------------------------------

IMPLICIT DOUBLE PRECISION (A-H)
IMPLICIT DOUBLE PRECISION (O-Z)

REAL CIM(9)
DOUBLE PRECISION CMS(9) , MAGLOS
DOUBLE PRECISION RTIC(5,3)
REAL RRELTR(3) URRELT(3)
REAL MAGRTR
DOUBLE PRECISION VTIC(5,3)
REAL VRELTR(3) , MAGVTR , VRDRRT
DOUBLE PRECISION MGRDTR , RRELM(3)
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DOUBLE PRECISION VRELM(3) LAMTRU(2) *LAMDXX(2)I

DOUBLE PRECISION LAMDTR(2) ,RRELS(3) ,VRELS(3)

REAL LAMSEX(2) Q R
RF'AL TGOTR
DOUBLT PRECISION LAMDSK(2) ,CAZ(100)

DOUBLE PRECISION CEL(1QO)

INTEGER St.KTY?

*DATA INITIALIZATION
SINCLUDE (~'TNr..UDE/SSCON5O.flATI
$INCLUDE C ^/INCLUDE/SSCON21 .DAT')I
$INCLUDE(C*'/INCLUDE/SSCON21.DAT )

TF ( SEKTYP .EQ. 3 ) THEN
DO 65 IOBJ = 1, NOBJ

C CALCULATE TEMPORARY RELATIVE RANGE FOR EACH OBJECT
C IN INERTIAL FRAME

TMP1 = RTIC(IOBJ,1) - X

TMP2 = RTIC(IOBJ,2) - YI

C TRANSFORM TO MISSILE FRAME

TMP4 = TMP1*CIM(1) + TMP2*CIM(4) + TMP3*CIM(7)I
TMP5 = TMP1*CIM(2) + TMP2*CIM(5) + TMP3*CIM(8)
TMP6 = TMPl*CIM(3) + TMP2*CIM(6) + TMP3*CIM(9)

C TRANSFORM TO SEEKER FRAMETMP7= TP4*CSM TM5*CM(4)+ TM6*CS(I
TMP7 = TMP4*CMS(2) + TMP5*CMS(5) + TMP6*CMS(8)
TMP8 = TMP4*CMS(3) + TMP5*CMS(6) + TMP6*CMS(9)

C DETERMINE ELEVATION AND AZIMUTH FOR EACH OBJECT

CEL(IOBJ) = DATAN2(-TMP9,TMP7)
CAZ(IOBJ) = DATAN2( TMP8,TMP7)

65 CONTINUE
ENDIF

C COMPUTE RELATIVE RANGF, RANGE RATE, AND TIME-TO-GO

RRELTR(1) = RTIC(1,l) - X
RRELTR(2) = RTIC(l,2) - Y

RRELTR(3) = RTIC(1,3) - Z

MAGRTR = SQRT(RRELTR(1)**2 + RRELTR(2)*-2 +RRELTR(3)**2)
URRELT(1) =RRELTRC1)/MAGRTR
URRELT(2) = RRELTR(2)/MAGRTR

URRELT(3) = RRELTR(3)/MAGRTRI

VRELTR(1) = VTICI1,l) - XD
VRELTR (2) = VTIC(1,2) - YD
VRELTR(3) = VTIC(1,3) - ZO

MAGVTR = SQRT(VRELTR(l)-*2 + VRELTR(2)*-2 + VRELTR(3)--2)

MGRDTR = VRELTR(1)*URRELT(1) + VRELTR(2)*URRELT(2) +
*VRELTR(3)*URRELT(3)

VRDRRT = VRELTR(11*RRELTR(l) + VRELTR(2)*RRELTR(2) +I
*VRELTR(3)*RRELTR(3)

TGOTR = -VRDRRT/(MAGVTR**2)

C COMPUTE LnS ANGLES AND RATES IN BODY FRAME3

RRELM(1) = RRELTR(1)*CIM(l) + RRELTR(2)*CIM(4) + RRELTR(3)*CIM(7)
RRELM(2) = RRELTR(1)*CIM(2) +RRELTR(2)*CIM(5) + RRELTR(3)*CIM(8)
RRELM(3) = RRELTR(1)*CIM(3) + RRELTR(2)*CIM(6) + RRELTR(3)*CIM(9)

VRELN(1) = VREL'!q(1)*Clm(l) + VRELTR(2)*CIM(4) + VRELR()CI"'-"
VRELM(2) = VRELTR(1)*CIM(2) + VRELTR(2)*CM(5) +VRELTR(3)*CIM(8)

VRELM(3) = VRELTR(1)*CIM(3) + VRELTR(2)*C:MI6) +VRELTR(3)*CIM(9)

LAMTRU(1) = DATAN2(-RRELM(3),RRELM(l))a
LAMTRU(2) = DATAN2(RRELM(2),RRELM(l))
LAMDXX~1) = (RRELM(3C-VRELM(l? - RRELM()*VRELM(3))/

* (RRELM(l)**2 + RRELM(3)**2)
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LAMDXX(2) = (RRELM(l)*VRELM(2) - R.RELM(2)*VRELM(l))/
(RRELM(l)**2 +RRELM(2)**2)

1-AMDTR(l) = LAMDXX(l) - Q

LAMDTR(2) = LAMDXX(2) - R

C COMPUTE LOS ANGLES AND RATES IN SEEKER FRAME

RRELS(l) = RRELM(l)'*CMS(l) + RRELM(2)*CMS(4) + Rkr.LM(3)*CMS(7)
RRELS(2) = RRELM(l)*CMS(2) + RRELM(2)-CMS(5) + RRELM(3)*CMS(8)
RRELS(3) = RRELM(1)*CMS(3) + RRELM(2)*CMS(6) + RRELM(3)*CMS(9)

VRELS(1) = VRELM(l)*CMS(l) + VRELM(2)*CMS(4) + VRELM(3)*CMS(7)
VRELS(2) = VRELM(1)*CMS(2) + VRELM(2)*CMS(5) + VRELM(3)*CMS(8)
VRELS(3) VRELM(l)*CMS(3) + VRELM(2)*CMS(6) +VRELM(3)*CMS(9)

LAMSEK(1) = SNGL (DATAN2(-RRELS(3),RRELS(l))
LAMSEK(2) =SNGL (DATAN2(RRELS(2),RRELS(J))
MAGLOS = DALBS(DATAN2(DSQRT(RRELS(2)*-2 +RRELS(I .",

* RRELS(l)))/DTR
LAMDSK(l) = (RRELS(3)*VRELS(l) - RRELS(1)-VRELS(3)) /

* (RRELS(1)**2 + RRELS(3)**2)
LAMDSK(2) = (RRELS(1)*VRELS(2) - RRELS(2 *VRELSU1)) /

* (RRELS(l)**2 + RRELS (2)--2)

RETURN
END

FILE: uuv22.19g/dutility/uuresp2r.for

C------------------------------------------------------------------------------
SUBROUTINE RESP2R ( DT,WD,ZD,CILL,CIL,CI.,COLL,COL,CO)

C
C SUBROUTINE NAME : RESP2R
C
C AUTHOR(S) :D. F. SMITH
C
C FUNCTION Given a second order continuous filter of
C the form
C
C WD**2
C G(s) =-------------------

C s*-2 + 2.0-ZD*WD*s + WD*2
C
C compute a digital filter which yields the
C same ramp response . The digital filter has
C the transfer function
C
C CI*z**2 +- CILz + CILL
C G(z) =----------------
C COz-2 COL~z +COLL
C
C CALLED FROM :UTILITY ROUTINE
C
C SUBROUTINES CALLED :NONE
C
C INPUTS :DT,WDZD
C
C OUTPUTS :CILL,CIL,CT,COLL,COL,CO
C
C UPDATES :NONE
C
C------------------------------------------------------------------------------

IMPLICIT DOUBLE PRECISION (A-H)
IMPLTCIT DOUBLE PRECISION (O-Z)

DATA ONE I .DDO/
DATA TWO /2.ODD

C Underdamped filter

IF ( ZD.LT.ONE ) THEN
A = WD*ZD
B = WD*DSQRT ( ONE -ZD2

TMPI = DEXP C- A*DT
TMP2 = DEXP (- TW*A*DT
TMP3 D COS CB*DT
TMP4 = SIN CB*DT
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TMP5 A*A + B*B
TMP6 TMPl*TMP4*( A*A - B'B )/B
CI TMP5*DT - TWOCA TWO*A*TMP!*TMP3 + TMP6

CIL = TWO*( A - DT*TMPITMP3*TMP5 - TMP6 - A'TMP2
CILL = TMP6 - TWOA*TMPI*TMP3 + TMP2*{ TWO*A TMP5*DT
Co = TMP5'DT

COL = - TWO*TMPI*TMP3*CO I
COLL = TMP2*CO

END IF

C Critically damped filter

IF ( ZD.EQ.ONE ) THEN
A = WD
TMPI = DEXP ( - A*DT
TMP2 = DEXP - TWO*A*DT
TMP3 = TWO + A*DT I
TMP4 = - TWO + A*DT
CI = TMPI*TMP3 + TMP4
CIL = TWO-( ONE - TWOA*DT*TMPI - TMP2
CILL = TMPITMP4 + TMP2*TMP3
CO = ADT
COL = - COTWO'TMPI
COLL = CO*TMP2

C Overdamped filter 5
IF ( ZD.GT.ONE ) THEN

TMP5 = DSQRT ( ZD**2 - ONE
A = WD*TMP5
B = WD/TMP5
ASQ = A*A
BSQ = B*B
EXPA = DEXP - ADT
EXPB = DEXP ( - B*DT
TMPI = A*DT + EXPA - ONE
TMP2 = B*DT + EXPB - ONE
TMP3 = ONE + A*DT
TMP4 = ONE + B*DT
CI ASQ*TMP2 - BSQ*TMP1
CIL = ASQ*( ONE - EXPA*TMP2 - EXPB*TMP4

- BSQ*( ONE - EXPB*TMP1 - EXPA*TMP3 )
CILL = ASQ*EXPA*( EXPB*TMP4 - ONE

- BSQ*EXPB*( EXPA*TMP3 - ONE
CO = A*B*DT*( A - B )
COL = - CO*( EXPA + EXPB
COLL = CO*EXPA*EXPB I

END IF

RETURN
END 5

FILE: uuv22.19g/dutility/uuresthr.for

C------------------------------------------------------------------------------
SUBROUTINE RESTHR(T, IDIST,ANVP,DTSAMP,TOFLTM,TRATON,TPATON,TYATON,

DTACSA, DTACSB)
C------------------------------------------------------------------------------
C
C SUBROUTINE NAME RESTHR
C
C AUTHOR(S) :T. THORNTON
C
C FUNCTION : ATTITUDE CONTROL SYSTEM THRUSTER
C CROSS COUPLING LOGICC
C CALLED FPIM : FORTRAN MAIN

C SUBROUTINES CALLED : NONE
C
C INPUTS : TIDIST,ANVP,DTSAMP,TOFLTM
C
C OUTPUTS :DTACSA, DTACSB

C BOTi : TRATON,TPATON, TYATON
C
C UPDATES : B. HILL - CR # 038
C T. THORNTON - CR # 043 i

i
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C T. THORNTON - CR # 044

C B. HILL - CR # 051
C D. SMITH - CR # 059
C B. HILL / CR # 081
C R. RHYNE
C R. RHYNE - CR # 084
C B. HILL - CR # 086
C B. HILL - CR # 093
C
C- -----------------------------------------------------------------------

IMPLICIT DOUBLE PRECISION (A-H)

IMPLICIT DOUBLE PRECISION (O-Z)

REAL DTACSA(4) , DTACSB(4)

DATA INITIALIZATION
$INCLUDE('^/INCLUDE/SSCON67.DAT

'
)

$INCLUDE('^/INCLUDE/SSCON03.DAT')
$INCLUDE('^/INCLUDE/SSCON08.DAT')

C IN DISTURBANCE MOuE TURN OFF ACS THRUSTERS WITH DIVERT THRUSTERS

IF( IDIST .EQ. 1 ) THEN
TMP1 = TOFLTM - T
IF( TMPI .LE. 0. ) THEN

TMP2 = 0.
ELSEIF( TMP1 .LT. TSMPH ) THEN

TMP2 = TMPI/TSMPH
ELSE

TMP2 = 1.
ENDIF
TPATON = TPATON*TMP2
TYATON = TYATON*TMP2
TRATON = TRATON*TMP2

ENDIF

C TEST SIGNS OF PITCH, YAW, ROLL AND ATTITUDE THRUSTER PULSEWIDTHS

C PITCH SIGN TEST

IF( TPATON .GE. 0.0 ) THEN
FTN286 X415 OPTIMIZE(3)

99999 CONTINUE
TPATP = TPATON

TPATN = 0.0
ELSE

TPATP = 0.0

TPATN = -TPATON
ENDIF

C YAW SIGN TEST

IF( TYATON .GE. 0.0 THEN
FTN286 X415 OPTIMIZE(3)

99998 CONTINUE
TYATP = TYATON
TYATN = 0.0

ELSE
TYATP = 0.0
TYATN = -TYATON

ENDIF

C ROLL SIGN TEST

IF( TRATON .GE. 0.0 ) THEN
* FTN286 X415 OPTIMIZE(3)
99997 CONTINUE

TRATP = TRATON
TRATN = 0.0

ELSE
TRATP = 0.0
TRATN = -TRATON

ENDIF

C RESOLVE PITCH, YAW, AND ROLL THRUSTER PULSEWIDTHS INTO
C INDIVIDUAL THRUSTER PULSEWIDTHS

IF( ANVP .LT. 1.5 ) THEN
DTACSA(i) = TPATP + TRATP
DTACSB(1) = TPATN + TRATN
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DTACSA(2) = TYATP I
DTACSB(2) = TYATN

DTACSA(3) = TPATN , TPATP
DTACSB(3) = TPATP - TRATN
DTACSA(4) = TYATN
DTACSB(4) = TYATP

ELSE
DTACSA(1) = TPATP + TRATP

DTACSB(1) = TPATN + TRATN
DTACSA(2) = TYATP + TRATP
DTACSB(2) = TYATN + TRATN
DTACSA(3) = TPATN + TRATP
DTACSB(3) = TPATP + TRATN

DTACSA(4) = TYATN + TRATP
DTACSB(4) = TYATP + TRATN

ENDIF I
DO 50 1=1,4

C ENFORCE THRUSTER PAIR DEADBANDS

IF( ABS( DTACSA(I) - DTACSB(:) .LT. ACSDB ) THEN 5
DTACSA(I) = 0.0
DTACSB(I) = 0.0

ENDIF

C ENFORCE MINIMUM cOMMAND ON TIME 3
IF((DTACSA(Il oLT. TCMINA .AND. DTACSA(I) .GT. 0.) OR.

(DTACSB(I) .LT. TCMINA .AND. DTACSB(I) .GT. 0.)) THEN
FTN286 X415 OPTIMIZE(3)

99996 CONTINUE
DTACSA(I) = DTACSA(1) , TCMINA
DTACSB(I) = DTACSB(1) + TCMINA

ENDIF
IF( DTACSA(I) .GT. DTSAMP ) DTACSA(:) = DTSAMP
IF( DTACSB(I) .GT. DTSAMP ) DTACSB(I) = CTSAMP I

50 CONTINUE

RETURN
END

FILE: uuv22.19g/dutility/uurotmx.for

C------------------------------------------------------------------------------
SUBROUTINE ROTMX(X,I,XM)

C------------------------------------------------------------------------------
C
C SUBROUTINE NAME ROTMX
C
C AUTHOR(S) : J. SHEEHAN

C
C FUNCTION GENERATES A D:RECTION COSINE MATRIX
C
C CALLED FROM UTILITY SUBROUTINE

C ZURROUTINES CALLED NONE
CC INPUTS :X,I

C U
C OUTPUTS :xM

C
C UPDATES :D. SMITH - CR # 59

C------------------------------------------------------------------------------I
C

IMPLICIT REAL (f H)
IMPLICIT REAL (O-Z)
REAL XM(3,3) 3
SX = SIN(X)
CX = COS(X)

IF ( I.EQ.1 ) THEN
XM(1,1) = 1.0
XM(1,') = 0.0I
XM(1,3) = 0.0

I
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XM(2,1) = 0.0
XM (2, 2) = CX
XM (2, 3) = SX

XM(3,I) =0.0
XM(3,2) = -SX
XM (3, 3) = CX

END IF

IF ( I.EQ.2 ) THEN
XM(1,1) = CX
XM(1,2) =0.0
XM(1,3) =-SX

XM(2,1) 0 .0
XM(2,2) =
XM(2,3) =.

XM(3, I) = SX
XM(3,2) = 0.0
XM(3,3) = CX

END IF

IF ( .-EQ.3
XM(l,I) = CX
XM(1,2) = SX
XM(1,3) = 0.0

XM(2,1) =-SX
XM(2,2) = CX
XM(2,3) = 0.0

wM(3, 1) = fl.L0
XM(3,2) = 0.0
XM(3,3) -=

END IF

RETURN
END

LE-,uv22.9q/dutiii~y/utiable. for

SUBRC'T:NE TABL.E(X7AB,YTAB,X,Y,N,0)

SUJBRCLT:NE NAME TABL-E

C AUT7HOR(S) D. smO-TH

C F JNCTOCN PERFORMS TABLE LOCKU;P VIA 7-THFR NDEXED
SEARCH-' OR B:NARY SEARCH AND L-NE-ARLY
INTERPCLATES

C CALLED FROM UTIL:TY SUBROL;TTN-K

C S'jBROUT7NES CALLFD NONE
C
C !NPUTS XTAP, YTAB, X, N

CUTP'UTS

c UPDA7ES D. sm: :H - 7,

C B. H:. - TB #3
B. H>> -CR#4

MPLCT' REAL (A-H)
IMPLCIT REAL 05
:NTEGFR N, 0

REA>, X7A (N) Y-AR i ;

I.EIAND. I . :L N N
IF X.LE.XTAB(: I') 7:
Y YTABD)
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ELSE IF X.GE.XTAD(N) --- ,LNI
Y YTAB (N)

ELSE IF 3X.GE.XTAB(I) 3T"FEN
D0 10 K = I ,N-1

IF ( X.LT.XTAB(KK) GO 00O 20I

20 FR-ACT = X - XTAB(K) 3/3XTA3333 =I - XT'AB(K)
Y = YTAB(K) -F RACT *3YTAO3(K'13 - YTABK)

DO3I = K- -

ELSE IF0( X.LT.XTAB(3I3 TH"EN

IF ( X.GE.XTAB(K) ) --0 TO 40
30 CONTINUE
40 FRACT = ( X - XTAB(K) 3 XTAB3(=:) - X7AB3<3

Y = YTABMK F RAC- TOK: - YTAB(K)

END IF

C PERFORM BINARY SEARCH IF POINTER IS ZERO OR OUT OF BOUNDS

ELSE IF ( :.LT.1 .OR. I.GT.N ) THEN
IF ( X.GT.XTAB(13 .AND. X.7T.XTAB(N) 3THEN

K = 1
L N

DO 50 1 K , LI
IF L.EQ.K1. ) 00 TO 60
M = ( K 'L3 2
IF IX.LT.XTAB(M) THEN

L M
ELSE

K M
END IF

50 CONTINUE
60 FRACT = ( X -XTAB(K) 3/3XTAB(L) - XTAB3K)

Y = YTAB(K) ,FRACT *3YTAB(L) - YTAB(K)

ELSE IF 3X.LE.XTAR(1)) THENI

Y =Y'AB 31)
I I1

ELSE IF 3X.GE.XTAB3N) 3THEN

Y =YTAB (N)I
I N

END IF

END IF

RETURNI

F:LE ixv22.19q/duilii y/uuitarget.tar

SUBROUTINE TARGET( T,MAGRTR,CAZ,O EL.OER,cIIE,PTARO-,QTARGO.TARO,,
TPHI,TTHT,TPSI ,GRT,TPHID,TTHTD, TPSID,CIT,
RTIC,VTIC,RTAR,RTR'-,NSUS, RESLV,RJ,CT:,I
VTAR,T ATT, LONGT, AZSU:B, ELSUB, RO-SUB_

C SURROUTINE NAME : TRE

C AUT-HOR(S) D . S7SSOMI

C FUNCTION : CCMPUTE-S THE ROTATIONAL AND :RANSLA-:ONAL,
C STATES FOR 'EAC1H OPBJECT

CALLED F-ROM : 'ORTRAN MAIN

C SO;RROU7I-NE-S CALLED : MK

"'7TP~jTS : 71, ','-A H, LAI A,,H :AS -, ELIJ33, HS:2 5
',P DATS:3 'RL - 3 03
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C B. HILL -CR # 055
C T. SMTHNC - CR # 059

C B. HILL - rR # Ob2

C B. HILL / - CR # 081
C R. RHYNE
C R. RHYNE - CR # 087

C 0. SISSOM - CR * 091
CB. HILL - CR #093

C D. SISSOM - CR # 094

IMPLICIT DOUBLE PRECISION (A-H)

IMPLICIT DOUBLE PRECISION (C-Z)

CHARACTER*128 MESSAGE
DOUBLE PRECISION AZSUB(100) *CAZ(100) *CEL(100)

REAL CER(9)IIDOUBLE PRECISION CIE(9)
REAL CIT(9)
DOUBLE PRECISION CLTPOS(3) CLTVEL(3) CSOPOS(3)
DOUBLE PRECISION CSOVEL(3) *CTI(9) ELSUB(100)UDOUBLE PRECISION GRT(5,3)
DOUBLE PRECISION GRTAVG(5,3) ,GRTLST(5,3)

DOUBLE PRECISION LATT *LONGT

REAL MAGRTR
DOUBLE PRECISION MGRT *MRTIC RHOPOS(3)
DOUBLE PRECISION RHOVEL(3) *RJ(5) RJSUB(100)
DOUBLE PRECISION RTAR(3) RTER(3) RTIC(5,3)
DOUBLE PRECISION TARPOS(3) TARVEL(3) TNKPOS(3)
DOUBLE PRECISION TNKVEL(3) ,URTIC(3)

DOUBLE PRECISION VTAR(3) ,VTICt5,3)

INTEGER FIRST1
INTEGER SEKTYP

DATA INITIALIZATION
SINCLUDE ('/INCLUDE/SSTARGET.DAT')
SI NCLUDE(C */INCLUDE/SSCON21 .DAT*)
$INCLUDE C * /INCLUDE/SSCON39.DAT')

$INCLUOE('^/INCLUDE/SSCON50.DAT-)
* SINCLUDE('^/INCLUDE/SSCON65.DAT')

* $INCLUDE(V/INCLUDE/SSCON69.DAT-)

IF ( FIRST1 .EQ. 1 ) THEN
FIRST1 = 0
T'Ll = TIC INITIALIZE STATES FOR EACH OBJECT

DO 45 IAXIS = 1, 3

RTIC(1,IAXIS) = TARPOS(IAXIS)
RTIC(2,IAXIS) = TARPOS(IAXIS) + CSOPOS(IAXIS)
RTIC(3,IAXIS) = TARPOS(IAXIS) + TNKPOS(IAXIS)
RTIC(4,:AXIS) = TARPOS(IAXIS) + RHOPOS(IAXIS)
RTIC(5,IAXIS) = TARPOS(IAXIS) + (,!TPOS(IAXIS)
VTIC(1,IAXIS) = TARVEL(IAXIS)IVTIC(2,IAXIS) = TARVEL(IAXIS) + CSOVEL(IAXIS)
VTIC(3,IAXIS) = TARVEL(IAXIS) +- TNKVELIAXIS)
VTIC(4,IAXIS) = TARVEL(IAXIS) + RHCVEL(IAXIS)
VTIC(5,IAXI--) = TARVELCIAXIS) + CI.TVELK(TAXS)

45 CONTINUE
RJ(l) =TARRI
RJ(2) = CSORI
RJ(3) = TNKRI
RJ(4) = RHORI
RJ(5) = CLTRI

ENDIF

IF ( SEKTYP .EQ. 3 ) THEN

C DETERMINE IF TARGET IS LARGER THAN A USER-INPUT
C MULTIPLE OF A PIXEL FIELD OF VIEW.I T

IF ( MAGRTR .GT. 0.0 .ANL. NTARRS EQ;. CTE
FTN286 X415 OPTIMIZE(3)

99999 CONTINUE3 IF ( DMAXI(TARWID,TARLEN)/MAORTR CF.



118 Annual Report: Digital Emulation Technology Laboratory Volumne 1, Part 3

RMULT*(WIDTH/FOCLEN) ) THEN
IF ( IRESLV .EQ. 0 ) THEN

IRESLV =1

DELTL =(1.0,/12.0)*TARLEN

DELTW =(1.0/11.O)-TARWID

RJNEW =(1.0/'73.0)-TARRI

CALL OUTMES(1401,T,DBLE(MAGRTR()

C GENERATE RESOLVABLE TARGET (ON FIRST PASS ONLY)-
C MODEL THIS TARGET AS SUPERPOSITION OF MANY OBJECTS

C WITH CENTROID AT ILEN=0, IWID=0

NSUB = 0
DO 5 ILEN =-8, 4

IF ( ILEN .EQ. -8 .OR. ILEN .EQ. -7
.OR. ILEN .EQ. -6 ) ILOW = 0I
IF CILEN .EQ. -5 .OR. ILEN .EQ. -4 )ILOW = -1
IF (ILEN .EQ. -3 .OR. ILEN .EQ. -2 )ILOW = -2
IF CILEN .EQ. -1 .OR. ILEN .EQ. 0 )ILOW = -3
IF CILEN .EQ. 1 .OR. ILEN .EQ. 2 )ILOW = -4

IF CILEN .EQ. 3 .OR. ILEN .EQ. 4 1ILOW = -5I
IHIGH = IABS(ILOW)
DO 6 IWID = ILOW, IHIGH

NSUB = NSUB + 1
AZSUB(NSUB) = CAZ(1) + (FLOAT(ILEN)*DELTL)/MAGRTR

ELSUB(NSUB) = CEL(1) + (FLOAT(IWID)*DELTW)/MAGRTRI
6JU(SB CONTINUE

6 CONTINUE
5 ENI U

ENDIF

ELSEI
NOBJ = 1

ENDIF

C TARGET GRAVITY MODEL3

DO 10 IOBJ = 1, NOBJ
NMRTIC = DSORT(RTICCIOBJ,1)**2 + RTIC(IOBJ,2)**2 +

RTIC(IOBJ,3)**2)
URTIC(1) = RTIC(IOBJ,2j/?'RTIC
URTICC2) = RTIC(IOBJ,2)/MRTICI
URTIC(3) -RTIC(IOBJ,3)/MRTIC

MGRT = GMU/MRTIC**2

GRT(IOBJ,1) = -MGRT*URTIC(1)
GRT(IOBJ,2) = -MGRT*URTIC(2)I
GRTCIOBJ,3) = -MGRT*URTIC(3)

C INTEGRATE TARGET ACCELERATION AND VELOCITY USING AVERAGE
C GRAVITY OVER INTERVAL3

TDELT = T - TL1
DO 2 I = 1,3

GRTAVG(IOBJ,I) =0 5D0"CGRT(IOBJ,I) + GRTLST(IOBJ,I))
RTIC(IOBJ,I) = RTIC(IOBJ,I) + VTIC(IOBJ,I)*TDELT +

0.5D0*GRTAVG(IOBJ, I)*TDELT*TDELTI
VTICCIOBJ,I) = VTIC(IOBJ,I) + GRTAVG(IOBJ,I)*TDELT

2 CONTINUE

C SAVE GRAVITY VECTOR FOR USE ON NEXT PASS

DO 3 I = 1,3
GRTLST(IOBJ,I) = GRT(IOBJ,I)

3 CONTINUE

10 CONTINUE
TL1 = TI

C TRANSFORM INERTIAL POSITION AND VELOCITY TO EI'TH FRAME

RTAR(1 = RTICC1,1)*CIE(l) + RTIC(1,2)*CIE,4) + RTIC(1,3)*CIE(7)
RTAR(1) = RTIC(1,1)*CIE(2) + RTIC(,2)*CIE(5) + RTIC(1,3)*CIE(8)I
RTARM1 = RTIC(1,1)*CIE(3) + RTIC(1,2)*CIE(6) + RTIC(1,3)*CIE(9)

VTARMl = VTIC(1,1)*CIEC1) + VTIC(1,2)*CIE(4) + VTIC(I.,3)*CIF(7)
VTAR(2) = VTIC(1,1)*CIE(2) + VTIC(1,2)*CIE(5) + VTIC(1,3)*CIE(8)
VTAR(3) = VTIC(1,1)*CIE(3) + VTIC(1,2)*CIE(6) + VTIC(1,3)*CIE(9)

C TRANSFORM BODY RATES TO EULER RATES
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ITPHID = PTARG +QTARG*DS:N(TPH2.,DTAN(TTHT)+
RTARG'DCOS(TPHI) 'DTANC'T.HT )

TTHTD = QTARG*DCOS(TPHI) - RTARG*DSIN(TPHI)
TPSID = QTARG*DSIN(TPHI)/DCOS(TTHT) +R-ARG*DCOS(TPHI)/DCOS(TTHT)IC INTEGRATE EULER RATES TO OBTAIN TARGET ATTITUDE

TPHI = TPHI + TPHID*TDELT
TTHT = TTHT + TTHTD'TDELT3 TPSI = TPSI + TPSID*TDELT

C COMPUTE TARGET BODY-TO-INERTIAL TRANSFORMATION MATRIX

SNGLTPHI = SNGL(TPHI)
SNGLTTHT = SNGL(TTHT)I SNGLTPSI = SNGL(TPSI)
CALL MMK(SNGLTPHI,4,SNGL.TT,2,SNL'?S-,3,CI,)

CTI(l) =CIT(l)

CTI(2) =CIT(4)
CTI(3) = CIT(7
CTI(4 = CIT(2)
CTI(5) = CIT(5)
CTI(6) = CIT(8)
CTI(7) = CIT(3)
CTI(8) = CIT(6)
CTI(9) = CIT,9)

C TRANSFORM TARGET EARTH FRAME POSITION TO ROTATING EARTH

RTER(1 = RTAR(1)*CER(1) + RTAR(2)*CER(4) + RTAR(3)*CER(7)
RTER(2) = RTAR(1)*CER(2) + RTAR(2)*CER(5) +RTAR(3)*CER(8)
RTERI3) = RTAR(1)*CER(3) + RTrAR(2)*CER(6) + RTAR(3)*CER(9)

C CALCULATE LATITUDE AND LONGITUDE OF TARGETILATT =DATAN2(RTER(3),DSQRT(RTER(1) *2 + RTER(2)**2))/DTR
LONGT = DATAN2(RTER(2),RTER(l))/DTR

RETURN
END

FILE: uuv22.19g/dutility/uutimer.for

3 SUBROUTINE INITIALIZE TIMFAR(
SINCLUDE ( :PFP: INCLUDE/TARGET.FDR')
$INCLUDE('/INCLUDE/UUTIMER.COM')
SINCLUDE( '/INCLUDE/SSC0N22.DAT')
$INCLUDE("^/INCLUDE/SSC0N23.DAT)

INTEGER BN, TN

DO 20 BN=1,4
DO 10 TN=1,500

NUMBER TIMER(BN,TN) = 0
NUMBERTICKS(BN,TN) = D.ODD

10 CONTINUE-
20 CONTINUE

STAGE1 = INT4( TSTG1 *1000.0I STAGE2 = INT4( TSTG2 * 1000.0
CALL RESETTIMER()
END

SUBROUTINE START TIMER( TNI CUD(:PFP:INCLUDE7TARGET.FORI)
$NCLUDE (S /INCLUDE/UUTIMER.COM')

INTEGER TN

TIMER(TN) = READTIMER()
END

SUBROUTINE STOP-TIMER( TN
$INCLUDE( :PFP:INCLUDE/TARGET.FOR')
$INCLUDE(IA/INCLUDE/UUTIMER.COM')

INTEGER TN

TIMER(TN) = TIMER(TN) - READ_TIh ER()3 NUMBERTIMER(4,TN) = NUMBER_TIMER(4,TN) I
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NUMBERTICKS(4,TN) = NUMBERTICKS(4,TN) + DBLE(T:MER(TN))

IF ( NUMBER TIMER(4,TN) .LT. STAGE1 ) THEN
NUMBER TIMER(1,TN) = NUMBER TIMER(1,TN) + 1
NUMBER TICKS(1,TN) = NUMBERTICKS(I,TN) + DBLE(TIMER(TN))

ELSEIF (-NUMBER TIMER(4,TN) .LT. STAGE2 ) THEN
NUMBER TIMER(2,TN) = NUMBER TIMER(2,TN) + 1
NUMBER-TICKS(2,TN) = NUMBER-TICKS 2,TN) + DBLE(TIMER(TN))

ELSE
NUMBER TIMER(3,TN) = NUMBER TIMER(3,TN) + 1
NUMBERTICKS(3,TN) = NUMBERTICKS(3,TN) + DBLE(TIMER(TN))

ENDIF
END

SUBROUTINE OUTPUT TIMER()

$INCLUDE(':PFP:INCLUDE/TARGET.FOR')
$INCLUDE('^/INCLUDE/UUTIMER.COM

')
INTEGER BN, TN
INTEGER*4 AVERAGE

DO 20 TN=1,500
IF ( NUMBER TIMER(4,TN) .NE. 0 ) THEN I
CALL OUTPUTMESSAGE(%VAL(SIGNED 16BIT),TN,9%VAL(INT2(1)))
CALL OUTPUTMESSAGE(%VAL(CHARACTER08BIT), 'TIMER

DO 10 BN=1,4
IF ( NUMBER TIMER(BN,TN) .NE. 0 ) THEN I

AVERAGE = INT4(NUMBER_TICKS(BN,TN)/
& DBLE(NUMBERTIMER(BN,TN)))

ELSE
AVERAGE = 0

ENDIF
CALL OUTPUT_MESSAGE(%VAL(SIGNED_32BIT),AVERAGE,

& %VAL(INT2(I)))
10 CONTINUE

CALL OUTPUTNL
END IF

20 CONTINUE
END

FILE: uuv22.19g/dutility/uuvcsth2.for 3
C -----------------------------------------------------------------------

SUBROUTINE VCSTH2(T,FLTC,FLTCP,FLTCY, TOFFLT,TIMONV)
C -----------------------------------------------------------------------
c
C SUBROUTINE NAME : VCSTH2
C
C AUTHOR(S) : B. HILL
C I
C FUNCTION : RESOLVES THE VCS THRUSTER BURN TIMES INTO
C THEIR APPROPRIATE FORCES AND MOMENTS
C
C CALLED FROM : FORTRAN MAIN
Cm
C SUBROUTINES CALLED : TABLE
C
C INPUTS : T,FLTC,TOFFLT,TIMONV
C
C OUTPUTS : FLTCP,FLTCY
C
C BOTH : NONE
C
C UPDATES : D. SISSOM - CR # 017
C B. HILL - CR # 030
C D. SISSOM - CR # 032
C B. HILL - CR # 038
C T. THORNTON - CR * 043
C B. HILL - CR * 051
C B HILL - CR # 057
C D. SMITH - CR # 059
C D. SISSOM - CR # 069
C D. SMITH - CR * 074
C D. SMITH - CR # 076
C 0. SMITH - CR # 080
C B. HILL / - CR # 081
C R. RHYNE
C D. SMITH - CR * 082 I

I
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IC R . RHYNE - CR # 084
C B. HILL - CR # 086
C R. RHYNE - CR # 087
C B. HILL - CR # 089
C B. HILL - CR # 093
C
C------------------------------------------------------------------------------

IMPLICIT DOUBLE PRECISION (A-H)
IMPLICIT DOUBLE PRECISION (O-Z)

DOUBLE PRECISION FLTC(4)
REAL TIMONV ,TOFFLT(4)

DO 10 I=1,4
IF ( (TOFFLT(I)-T).LE.C.0 ) FLTC(I) = 0.0

10 CONTINUE

IF CFLTC(1).EQ.0.0 .AND. FLTC(3).EQ.0.0 .AND.
* (TIMONV).LE.T )FLTCY = 0.0

IF ( FLTC(2).EQ.0.0 .AND. FLTC(4).EQ.0.0 .AND.
* (TIMONV).LE.T )FLTCP = 0.0

END

FILE: uuv22.19g/include/uutimer.com

COMMON /TIMERCOMMON! STAGE1, STAGE2, TIMER, NUMBER TIMER, NUMBER_TICKS
INTEGER*4 STAG;E1, STAGE2, TIMER(500), NUMBERTIMER(4,500)_
REAL*8 NUMBER_TICKS(4,500)

FILE: uuv22.19g/sutility/makefile

FORFLAGS =code large optirnjze(3) storage(integer*2)

OBJECTS=

UUACSTHB.OBJATHOB \

UUAERO.OBJ \
UUATMOS1.OBJ\
UUATMOS2.OBJ\

UUGI.BUUBAUTO.OBJ\

UUBRTAVG.OBJ\
UUBSTEER.OBJ\
UtJBTHRST.OBJ\

UUCORVEL.OBJUBIFOB \
UUCW87.OBJ\
UUFRACS.OBJ\

UUFRCTHR.OBJ\

UU GYRO.OBJUVO.B \
UUINTEG.OBJ\
UUINTEGI.OBJ\

UUM3X3I.OBJ\

UMSR.EUUMCGUID.OBJ\

UUMMK.OBJ \
UUMMLXY.OBJ\
UUNCU.OBJ\

UUTE.BUUNORM.OBJ\
UURANME.OBJ\
UURAN.OBJ\
UURAN1.OBJ\

UURONT.OBJRSROB \
UURSEK2t.0BJ\
UUSSPLA.OBJ\
UUTABLEm.OBJ\
UUTSL2E.OBJ\I UUVCSTH.OBJ\

UUTIMER.OBJ
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LIBRARY = UTILITY.LIB 3
$ (LIBRARY) $ (OBJECTS)

.for.obJ:I
ftn286.new $< $(forflags)
bnd286 $*.obj name($*) object($*.ink) noload noprint
rename $*.lnk over $*.obj
submit :PFP:csd/lib( $(LIBRARY), $*

clean:
delete *.obj,*.lst,$(LIBRARY)

FILE: uuv22.19g/sutility/uuacstha.for

C - - -- - - - -- - - - - - - - -- - - - -- - - - -- - -- - - - -- - -- - - - - - - - - -- - -- - - - - -- - - -

SUBROUTINE ACSTHA(T,CG,ACSLEV, DTACSA, TATAB, TOSEED,

ITHRES,FXACS,FYACS,FZACS, MXACS,MYACS,MZACS,
MDOTA, IACSON)

C -----------------------------------------------------------------------------C
C SUB.,JUTINE NAME ACSTHA

C
C AUTHOR(S) : B. HILL
C
C FUNCTION : RESOLVES THE ACS THRUSTER BURN TIMES INTO
C THE APPROPRIATE FORCES AND MOMENTS
C
C CALLED FROM: FORTRAN MAIN

C
C SUBROUTINES CALLED : none
C
C INPUTS : T,CG,ACSLEV,DTACSA,TATAB
C
C OUTPUTS : FXACS, FYACS,FZACS,MXACS,MYACS,MZACS,MDOTA,
C IACSON
C
C BOTH : TOSEED,ITHRES
C
C UPDATES : D. SISSOM - CR # 017
C D. SISSOM - CR # 032
C B. HILL - CR # 038
C T. THORNTON - CR 0 D43
C B. HILL - CR I 051

C D. SMITH - CR # 059
C D. SISSOM - CR # 069
C D. SMITH - CR # 074

D. SMITH - CR # 076 I
C D. SMITH - CR # 080

C B. HILL / - CR # 081
C R. RHYNE
C D. SMITH - CR # 082
C R. RHYNE - CR # 083
C R. RHYNE - CR # 084

C B. HILL - CR # 086
C R. RHYNE - CR # 087
C B. HILL - CR # 089
C B. HILL - CR # 093
C
C------------------------------------------------------------------------------

IMPLICIT REAL (A-H)
IMPLICIT REAL (O-Z) U
REAL ACSDIR(3,4) , ACSLOC(3,4) ACSMA(9,4)
REAL AOFF1(4) , AOFF2(4) ATHRA(4)
REAL ATHRB(4) , CG(3) DTACSA(4)
REAL F(3) FO(3) I
REAL ISPACS , M(3) MOOTA
REAL MXACS MYACS MZACS
REAL THACSA(8,4) , THACSB(8,4) , TMACSA(8,4)
REAL TMACSB(8,4) , XMOM(3) I
INTEGER INDXA(4) , INDXB(4)
INTEGER LENA(4) , LENB(4)
INTEGER*4 TOSEED U

l
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C LOCAL DATA USED FOR CONSTANTS, VARIABLES AND INITIALIZATION FLAG

SAVE IACSTH , ACSMAI * DATA INITIALIZATION
$ INCLUDE ( ^/INCLUDE/SSACSTHR.DAT')
SINCLUDE('^/INCLUDE/SSCON01.DAT')
$INCLUDE('^/INCLUDE/SSCON02.DAT')
SINCLUDE ('/INCLUDE/SSCDN03 .DAT )
SINCLUDE (''/INCLUDE/SSCON17 .DAT')
SINCLUDE ( ^/INCLUDE/SSCON18.DAT)

SINCLUDE('^/INCLUDE/SSCON19.DATI)
SINCLUDE ( ^/INCL UDE/SSCON2D .DAT*)1 DATA IACSTH / 1/

IF ( IACSTH.EQ.1 ) THEN

IACSTH = 0

IF (T .LT. TKVON+EPSL) THEN

C ACS MISALIGNMENT DIRECTIONS

C AOFF1 = CONE ANGLE OFF NORMALI AOFF2 = POLAR ANGLE

CALL NORM(AOFFSD,0.0,TOSEED,AOFF1 (1))
CALL NORM(AOFE'SD,0.0,TOSEED,AOFF1 (2))

CALL NORM(AOFFSD,0.0,TOSEED,AOFF1 (3))I CALL NORM(AOFFSD,0.0.TOSEED,AOFF1 (4))

AOFF2(1) = 2.0*PIRANO(TOSEED)
AOFF2(2) = 2.0*PI*RANO(TOSEED)
AOFF2(3) = 2.0-PI-RAND(TOSEED)
AOFF2(4) = 2.0*PI*RANO(TOSEED)

ENDIF

DO 300 I1 1 , 4
CAOFF1 COS (AOFF1 (I))
CAOFFI CSN(AOFF2 (I))

SAOFF2 SIN(AOFF2(I))

ACSMA(3,I) = SAOFF1*SOF
ACSMA(2,I) = SAOFF1SCAOFF2

ACSMA(5,I) - CAOFF1*SOF
ACSMA(4,I) =SAOFF1*CAOFF2
ACSMA(5,I) =SAOFFP*AOF
ACSMA(6,I) = SAOFF1*sAOFF2
ACSMA(7,I) = CAOFF1*COF

300 CONTINUE

ENDIF

C RESET THE FORCE AND MOMENT COUNTERS TO ZERO

FXACS = 0.0
FYACS = 0.0
FZACS = 0.0
MXACS = 0.0
MYACS = 0.0
MZACS = 0.0
MDOTA = 0.0I IF (ITHRES .EQ. 1) THEN

The ITHRES assignment was moved to the partition with MCAUTO, KVAUTO
ITHRES = 0IC CALCULATE TIME FOR PULSE TO COME ON AND TIME FOR PULSE TO

C REACH FULL FORCE LEVEL

TIMJNA = TATAB +TLAGA
TUPA = TIMONA + TRUPA

C DETERMINE APPROPRIATE MAXIMUM THRUST LEVEL

IF .ASL GT. 1.5) THEN
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ACSF = ACSFH

ELSEI

ENDI F

DO 101 I=1,4

C INITIALIZE TABLE POINTERS

INDXA(I) = 1

INDXB(I) = 13

C CALCULATE THRUSTER RESPONSE TABLE FOR "A" THRUSTERS

CALL TABLE(TMACSA(1,I),THACSA(1,I),TATAB,THA1,LENA(I),
INDXA(I))

IF (DTACSA(I) .CE. TC:-'UNA) THEN
IF (THA1 .LT. EPSL) THEN

C PREVIOUS VALVE STATE WAS LOW

TMACSA(1,I) = TATABI

TMACSA(2,I) = TIMONA
THACSA(2,I) = 0.0

TMACSA(3,I) TUPA

THACSA(3,I) =ACSFI

IPTR = 4
ELSE

CAIL TABLE(TMACSA(1,I),THACSA(1,I),TIMONA,THA2,
LENA (I) *INDXA(I))

IF (THA2 .LT. EPSL) THEN

C PREVIOUS VALVE STATE WAS EITHER DELAY OR RAMP,
C AND NO CROSS-OVER 5S PRESENT

TMACSA(1,I) = TMACSA(LENA(I)-3,I)

THACSA(1,I) = THACSA(LENA(I)-3,I)
TMACSA(2,I) = TMAC SAILENA(I)-?,T)
THACSA(2,I) = THACSA(LENA(I)-2,I)
TMACSA(3,I) = TMACSA(LENA(I)-1,I)
THACSA(3,I) = THACSA(LENA(I)-l,I)

TMACSA(4,I) = TIMONAI

TMACSA(5,I) =TUPA
THACSA(5,I) = ACSF
IPTR = 6

ELSEI
CALL TABLE(TMACSA(l,I),THACSA(,.I),TUPA,THA3,

LENA(I),INDXA(I))
IF (THA3 .GE. (ACSF-EPSL)) THEN

C PREVIOUS VALVE STATE WAS HIGH3

TMACSA(1,I) = TATAB
THACSA(1,I) = ACSF
IPTR = 2

ELSE

C PREVIOUS VALVE STATE WAS DELAY, AND A
C CROSS-OVER CONDITION HAS OCCURED

TMACSA(1,I) = TMACSA(LEN.A(1)-3,I)I

THACSA(1,I) = THACSA(LENA(I)-3,I)
TMACSA(2,I) = TMACSA(LENA(I)-2,I)
THACSA(2,I) = THACSA(LENA(l)-2,I)
TMACSA(3,I) = (TMACSA(LENA(I)-l,I) tTIMONA)/2.0
THACSA(3,I) =(TMACSA(3,I) - TIMONA)-ACSF/TRDNA

TMACSA(4,I) = TUPA
THACSA(4,I) = ACSF
IPTR =5

ENDIF
END IF

ENDIFI
T?4ACSA(IPTR,I) =TIMONA + DTACSA(I)

THACSA(IPTR,I) =ACSF

TMACSA(IPTR+1,I) = TMACSA(IPTRjI) + TRDNA
THACSA(IPTR+1,1( = 0.0TMACA(IPR+2I) =999.
THACSA(IPTR+2,I) =0.

LENA(I) - IPTP+2
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ELSE

C MAKE SURE VALVE IS OFF

IF (THAI .LT. EPSL) THEN

C PREVIOUS VALVE STATE WAS LOW

TMACSA(1,I) = TATAB
THACSA(1,I) = 0.0
TMACSA(2,I) = 999.0
THACSA(2,I) = 0.0
LENA(I) = 2

ELSE
CALL TABLE(TMACSA(1,I),THACSA(,I),TUPA,THA3,LENA(I),

INOXA (I))
IF (THA3 .LT. EPSL) THEN

C PREVIOUS VALVE STATE WAS EITHER DELAY OR RAMP, vITH
C NO CROSSOVER POSSIBLE

TMACSA(1,I) = TMACSA(LENA(I)-3,I)
THACSA(1,I) = THACSA(LENA(I)-3,I)
TMACSA(2,I) = TMACSA(LENA(I)-2,I)
THACSA(2,I) = THACSA(LENA(I)-2,I)
TMACSA(3,I) = TMACSA(LENA(I)-I,I)
THACSA(3,I) = THACSA(LENA(I)-I,I)
TMACSA(4,I) = 999.0
THACSA(4,I) = 0.0
LENA(I) = 4

ELSE

C PREVIOUS VALVE STATE WAS DELAY, AND CROSSOVER COULD
C OCCUR

TMACSA(I,I) = TATAB
THACSA(1,I) = ACSF
TMACSA(2,I) = TIMuNA
THACSA(2,I) = ACSF
TMACSA(3,I) = TIMONA + TRDNA
THACSA(3,I) = 0.0
TMACSA(4,I) = 999.0
THACSA(4,I) = 0.0
LENA(I) = 4

ENDIF
ENDIF

ENDIF

101 CONTINUE

ENDIF

C SET REFERENCE TIME FOR TABLE LOOKUPS AND RESET ACS "ON" FLAG

TREF = T
IACSON = 0

C CALCULATE AVERAGE THRUST LEVELS FOR EACH "A" THRUSTER
C DU,;TNG NEXT CYCLE

DO 20 I = 1 , 4

C INITIALIZE TABLE POINTER

INDXA(I) = 1

C COMPUTE INSTANTANEOUS THRUST LEVEL VIA TABLE LOOKUP IF ACS "A"
C CYCLE IS SCHEDULED FOR THIS THRUSTER . ALSO EXTRAPOLATE TIME OF
C NEXT ACS "A" TABLE LOOKUP INDEX TRANSITION

IF ( TMACSA(1,I).GT.0.0 ) THEN
CALL TABLE(TMACSA(I,I),THACSA(I,I),TREF,ATHRA(I),

LENA(I), INDXA(I))
IF ( ATHRA(I) .GE. ACSF-EPSL ) IACSON = I

ELSE
ATHRA(I) = 0.0
INDXA(I) = 0

ENDIF

C CALCULATE THE FORCES AND MOMENTS PRODUCED BY THE "A"
C ACS THRUSTERS :
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C F(I) IS THE FORCE ALONG THE Ith AXIS.
C XMOM(I) IS THE EFFECTIVE MOMENT ARM.
C FORCES ARE ADJUSTED FOR MISALIGNMENT EFFECTS.
C THE MOMENT GENERATED IS ( F x XMOM ).

DO 10 J=1,3
FO(J) = ACSDIR(J,I)*ATHRA(I)
XMOM(J) = CG(J) - ACSLOC(J,I)

10 CONTINUE
F(1) = ACSMA(1,I)*F0(1) +ACSMA(4,I)*F0(2) +ACSMA(7,I)*F0(3)
F(2) = ACSMA(2,I)*F0(1) +ACSMA(5,I)*FD(2) +ACSMA(8,I)*F0(3) I
F(3) = ACSMA(3,I)*F0(1) +ACSMA(6,I)*F0(2) +ACSMA(9,I)*FO(3)

M(1) = F(2)*XMOM(3) - F(3)*XMOM(2)
M(2) = F(3)*XMOM(]) - F(1)-XMOM(3)
M(3) = F(1)*XMOM(2) - F(2)*XMOM(1) 3
FXACS = FXACS + F(1)
FYACS = FYACS + F(2)
FZACS = FZACS + F(3)
MXACS = MXACS + M(1)
MYACS = MYACS + M(2) I
MZACS = MZACS + M(3)

MDOTA = MDOTA + ATHRA(I)/ISPACS
20 CONTINUE

RETURN i
END

FILE: uuv22.19g/sutility/uuacsthb.for 3
C -----------------------------------------------------------------------

SUBROUTINE ACSTHB(T,CG,ACSLEV, DTACSB, TATAB, TOSEED,
ITHRES,FXACS,FYACS,FZACS,MXACS,MYACS,MZACS,
MDOTA, IACSON)

C- -----------------------------------------------------------------------
C
C SUBROUTINE NAME ACSTHB
C
C AUTHOR(S) B. HILL
C
C FUNCTION : RESOLVES THE ACS THRUSTER BURN TIMES INTO
C THE APPROPRIATE FORCES AND MOMENTS
C
C CALLED FROM : FORTRAN MAIN
C
C SUBROUTINES CALLED none
C
C INPUTS T,CG,ACSLEV,DTACSB,TATAB
C
C OUTPUTS FXACSFYACS,FZACS,MXACS,MYACS,MZACS,MDOTA,

C IACSON
C
C BOTH : TOSEED,ITHRES
C
C UPDATES D. SISSOM - CR N 017
C D. SISSOM - CR # 032
C B. HILL - CR # 038
C T. THORNTON - CR # 043
C B. HILL - CR # 051 I
C D. SMITH - CR # 059
C D. SISSOM - CR * 069
C D. SMITH - CR * 074
C D. SMITH - CR # 076
C D. SMITH - CR # 080
C B. HILL / - CR # 081
C R. RHYNE
C D. SMITH - CR # 082
C R. RHYNE - CR # 083
C R. RHYNE - CR # 084
C B. HILL - CR # 086
C R. RHYNE - CR # 087
C B. HILL - CR # 089
C B. PILL - CR # 093
C I
C -----------------------------------------------------------------------

IMPLICIT REAL (A-H) I
I



19. Appendix N: EXOSIM 2.0 (End-to-end) 127

IMPLICIT REAL (O-Z)

REAL ACSDIR(3,4) *ACSLOC(3,4) ,ACSMA(9,4)

REAL AOFF1(4) *AOFE'2(4) ,ATHRA(4

REAL ATHRB(4) ,CG(3)

REAL DTACSB(4) *F(3) FO(3)
REAL ISPACS ,M(3) *MDOTA

REAL MXACS *MYACS ,MZACS

REAL THACSA(8,4) *THACSB(8,4) ,TMACSA(8,4)

REAL TMACSB(8,4) ,XMOM(3)

INTEGER INDXA(4) ,INDXB(4)

INTEGER LENAM4 LENB(4)
INTEGER*4 TOSEED

C LOCAL DATA USED FOR CONSTANTS, VARIABLES AND INITIALIZATION FLAG

SAVE IACSTH , ACSMA

*DATA INITIALIZATION
$INCLUDE U ^/INCLUDE/SSACSTHR.DAT')
$INCLUDE(U^/INCLUDE/SSCONOl.DAT')
SINCLUDE(C'V/INCLUDE/SSCON02.DAT')
SINCLUDEC ^/INCLUDE/SSCON03.DAT')
$INCLUDE('^/INCLUDE/SSCON17.DAT-)
$INCLUDE(UVINCLUDE/SSCON18.DAT')
$INCLUDE('^/INCLUDE/SSCON19.DAT')
SINCLUDE ( ^/INCLUDE/SSCON2O.DAT')

DATA IACSTH / 1 /

IF ( IACSTH.EQ.1 ) THEN

IACSTH = 0

IF (T .LT. TKVON+EPSL) THEN

C ACS MISALIGNMENT DIRECTIONS
C AOFF1 = CONE ANGLE OFF NORMAL
C AOFF2 =POLAR ANGLE

CALL NORMCAOFFSD,D.0,TOSEED,AOFF1 (1))
CALL NORMCAOFFSD,0.0,TOSEED,AOFF1 (2))
CALL NORM(AOFFSD,D.0,TOSEED,AOFF1I3))
CALL NORMCAOFFSD,0.0,TOSEED,AOFF1(4))

AOFF2C1) = 2.0-PI-RANO(TOSEED)
AOFF2(2) = 2.O*PI-RANO(TOSEED)
AOFF2 (3) = 2.0*PI*RANO(TOSEED)
AOFF2(4) = 2.0*PI*RAN0(TOSEED)

ENDIF

DO 300 I1 1 , 4
CAOFF1 =COS(AOFF1CI))

SAOFF1 =SIN(AOFF1(I))

CAOFF2 =COS(AOFF2(I))

SAOFF2 =SIN(AOFF2(I))

ACSMA(1,I) = CAOFF1
ACSMAC2,I) = SAOFFI*CAOFF2
ACSMA(3,I) = SAOFF1*SAOFF2
ACSMA(4,I) = SAOFF1*SAOFF2
ACSMA(5,I) = CAOFF1
ACSMA(6,I) = SAOFF1*CAOFF2
ACSMA(7,I) = SAOFFI*CAOFF2
ACSMA(8,I) = SAOFFI*SAOFF2
ACSMA(9,I) = CAOFF1

300 CONTINUE

ENDIF

C RESET THE FORCE AND MOMENT COUNTERS TO ZERO

FXACS - 0.0
FYACS = D.0
FZACS = 0.0
MXACS = 0.0
MYACS = 0.0
MZACS = 0.0
MDOTA = 0.0
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IF (ITHRES .EQ. 1) THEN3

*The ITHRES assignment was moved to the partition with MCAUTO, KVAUTO

ITHRES = 0

C CALCULATE TIME FOR PULSE TO COME ON Ai D TIME FOR PULSE TO

C REACH FULL FORCE LEVEL3

TIMONA = TATAB + TLAGA
TUPA = TIMONA + TRUPA

C DETERMINE APPROPRIATE MAXIMUM THRUST LEVEL3

IF (ACSLEV .GT. 1.5) THEN
ACSF = ACSFH

ELSE

ACSF = ACSFLI

C
DO 101 I=1,4

C INITIALIZE TABLE POINTERS5

INDXA(I) = 1
INDXB(I) - 1

C CALCULATE THRUSTER RESPONSE TABLE FOR "B" THRUSTERS3

CALL TABLE(TMACSB(1,I),THACSBC1,I),TATA3,THB1,LENB(I),
INDXH (I) I

IF (DTACSB(I) .GE. CMINA) THEN
IF (THB1 .LT. EPSL) THEN

C PREVIOUS VALVE STATE WAS LOW

TMACSB(1,I) = TATAB
THACSB(1,I) = 0.0

TMAC.SB(2,I) = TIMONAI

TMACSB(3,I) = TUPA
THACSB(3,I) = ACSF
IPTR = 4

ELSEI
CALL TABLE(TMACSB(i,I),THACSB(1,I),TIMONA,THB2,

LENB (I) ,INDXB (I))
IF (THB2 .LT. EPSL) THEN

CPREVIOUS VALVE STATE WAS EITHER DELAY OR RAMP,U

C AND NO CROSS-OVER IS P
0 0
) 'Nm

TMACSB(1,I) = TMACSB(LENB(-2-3,I)
THACSB(1,I) = THACSB(LENB(l)-3,I)
TMACSB(2,I) = TMACSB(LENB(I)-2,I)I
THACSB(7,I) = THACSB(LENB(l)-2,I)
TMACSB(3,I) = TMACSB(LENB(l)-1,I)
THACSB(3,I) = THACSB(LENB(I)-1,I)
TMACSB(4,I) = TIMONA
THACSB(4,I) = 0.0
TMACSB(5, I) = TUPAI
THACSB(5,I) = ACSF
IPTR = 6

ELSE
CALL TABLE(TMACSB(1,I),THACSB(,i),TUPA,THB3,

LENB(I), INDXB(I) I
IF (THB3 .GE. (ACSF-EPSL)) THEN

C PREVIOUS VALVE STATE WAS HIGH

TMACSB(1,I) = TATABU
THACSB(1,I) = ACSF
IPTR = 2

ELSE

C PREVIOUS VALVE STATE WAS DELAY, AND A3
CROSS-OVER CONDITION HAS OCCURED

TMACSB(1,I) = TMACSB(LENB(I)-3,I)
THACSB(1,I) = THACSB)LENB(I)-3,I)
TMACSB(2,I) = TMACSB(LENB(l)-2,I)I
THACSB(2,I) = THACSB(LENBCI)-2,I)
TMACSB(3,I) = (TMACSB(LENB(I)-1,I) +TIMONA)
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12. 3
THACSB(3,2) = (T

M
A'CS(3,I) - ::MONA)*ACSF/TRDNA

TMACSE(4,. = "-'P A
THACSB(4,T) =ACSF
IPTR 5

ENDIE'
ENDIF

END:F
T14ACSB(IPTR,I) =TIMONA +DTACSB(:)
THACSB(IPTR,:) =ACSF

TMACSB(IPTR+1,I) = TMACSB(IPTR. I) TRDNA
THACSB(IPTR+1,1) =0.0
TMACSB(IPTR+2,I) = 99.0
THACSB(IPTR+2,I) =0.0
LENB(I) = PTR+-2

ELSE

C MAKE SURE VALVE IS OFF

IF (THB1 .LT. EPSL) THEN

C PREVIOUS VALVE STATE WAS LOW

TMACSB(l,l) = TATAB
THACSB(1,I) = 0.0
TM-ACSB(2,) = 999.0
THACSB(2,I) = 0.0
LENB(I) = 2

ELSE
CALL TABLE(TMACSB(i ,II),THACSB:1,2-,TUPA,TH2".LENB(i).

INDXB (I))
IF (THB3 .LT. EPSL) THEN

C PREVIOUS VALVE STATE WAS EITHER DELAY OR RAMP, WITH
C NO CROSSOVER POSS;IBLE

TMACSB(1,I) =TMACSB(LENB(I)-3,I)
THACSB(1,I) = THACSB(LENB(2)-3,4)
TMACSB(2,I) = TMACSB(LENB(I)-2,I)
THACSB(2,I) - THACSB(LENB(I)-2,I)
TMACSB(3,I) = TMACSB(LENB(I)-1,I)
THACSB(3,I) = THACSB(LZNBkI)-1,I)
TMACSB(4,I) = 999.0
THACSB(4,I) = 0.0
LENB(I) = 4

ELSE

C PREVIOUS VALVE STATE WAS DELAY, AND CROSSOVER COULD
C OCCUR

TMACSB(l,i) = TATA2
THACSB(l,I) = ACSF
TMACSB(2,I) = TIMONA
THACSB(2,112 = ACSF
TMACSB(3,I) = TIMONA + TRDNA
THACSB(3,I) = 0.0
TMACSB(4,I) = 999.0
THACSB(4,I) = 0.0
LENB(I) = 4

ENDIF
ENDIF

ENDIF
101 CONTINUE

ENDI F

C SET REFERENCE TIME FOR TABLE LOOKUPS AND RESET ACS "ON" FLAG

TREF =1I
IACSON = 0

C CALCULATE AVERAGE THRUST LEVELS FOR EACH "B" THRUSTER
C DURING NEXT CYCLE

DO 40 1 = 1 , 4

INITIALIZE TABLE POINTERS

INDXB(I) = I

C COMPUTE INSTANTANEOUS THR'.;ST LEVEL '"A TABLE LOCKUP IF ACS 'B"
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CCYCLE is SCEDL CR :H3 :HsE LS x>rjAF:
CNEXT ACS "B" TABLE LOKP:ND7X AS.CU

IF ( T!ACSB(I,i) .GT.C.o TE
CALLTALTAsB:2TAs( R'A R ,

LENB(I,),:NDXB(:))

ESIF ( ATHRB(I) GOE. ACSF-EPSL ) ACSON I

ATHRB(I) = 0.0
INDXB(I) = 0

ENDIF3

C CALCULATE THE FORCES AND vM;'=S PCDUCED BY : "B '
C ACS THRUSTERS:

CF(I) IS THE FORCE ALCNG H z AXIS.

C ~ XMOM(I) IS THE EF'FECT:VE XCMEN7 ARM.
CFORCES ARE ADjUSTED 2C-R MsLUMN

C THE MOMENT GENERATED 7S (FX XMUMM

DO 3C T=:* 3
FO(J) = -ACSD1Rlj,:)-ATH.RB(:)

XMOM(J) = CG(J) - ACSLCC (3,1-)I

F(1) = ACSMA(1, I)*FD)(:) -ACSMA(4,I')"FO(2) -ACSM.AV7, -)*D(3)
F(2) -ACSMA(2,I')FD,(I) =CM(,)12 AsA8:2

F(3) = ACSMA(3,)FCD) -ACSM4A(6,:)*-',(2) '-ACSA(9,)"FI ()

M(1) = F(2)-XMOM(3) - F(3)-XMCM(2)
M(2) = F(3)*XMCM(l) - F(1)*XMCX(3)

M(3) = Fflj'XMOM(2) - F-(2)*XMCMK')

FXACS = FXACS + F(1)I
FYACS =FYACS + F(2)
MXACS = MXACS F(3)
MXACS = MXACS *MWi MYACS = MYAS M(2
MZACS = MZACS M(3)
MDOTA = MDOTA A:HRB(:)/ISACS

40 CONTINUE

RETURN

END3

FILE: uuv22.I9g/suti.!ity/uuaero.for3

SUBROUTINE AERO(T,VRWM,CG-,MVRWM.klRHC,VSND, :AE-RU,TURK,QA,M ACH-,ALF,-A-
ALFAP,ALF-AY.CA,CNXC? -X,-YZA,MIXA,MYA,M.ZP' 3

C SUBROUTINE NAME : A7RO

C AUTHOR(S) :B. H:LL

CI
C FUNCTION :COMPUTE AERODYNAM:C CCEFFICIENTS VIA TABL-7
C LOOK UP AS A FUNCTION4 OF MACH NUMBER AN:

ANGLE OFATTACK . ALSO CALCULATE THE AERQ
C FORCES AND MOMENTSCI

C CALLED FROM :FORTRAN MAIN

C SUBROUTINES CALLED :TLU2EI

C INPUTS T T,VRW., C-, MVRIWM, R-0,VSND3

C OUTPUTS :QA,MACH,ALF-AT.ALF-AP,ALF2AY,:A,:-N,X-P,-XA,-YA.
C FZA,MXA MvvAZA

BOTH : AERC,TBRK3

C UPDATES :B. HILL - CR 4 31
B.NL. - CR* '22

D.Sxi:H C4 4 L2",

T. T7 C N - CP 4 13 7
C.. ... HCRNTCN -CR 3 43

C . SMITH -CR k 59
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C D. SMITH - CR # 076
C D. SMITH - CR # 080
C B. HILL / - CR # 081
C R. RHYNE
C R. RHYNE - CR # 087
C B. HILL - CR # 089
C B. HILL - CR # 093

C B. HILL - CR # 095IC
IMPLICIT REAL (A-H)
IMPLICIT REAL (O-Z)

REAL CAIM(205) CA2M(205) , CATAB(205)
REAL CG(3) CNA1(205) , CNA2(205)
REAL CrTAB(205) CPTAB(205) , MACH
REAL MACHL MVRWM , MXA
REAL MYA MZA
REAL VRWM(3) XCPL1(205) , XCPL2(205)

C LOCAL DATA USED FOR CONSTANTS, VARIABLES AND INITIALIZATION FLAG

SAVE CATAB , CNTAB , CPTAB
ICAM , ICAA , ICNM
ICNA , ICPM , ICPA

" DATA INITIALIZATION
$INCLUDE('^/INCLUDE/SSAERO.DAT')
$INCLUDE(,^/INCLUDE/SSCON21.DAT')
$INCLUDE('^/INCLUDE/SSCON22.DAT')
$INCLUDE('^/INCLUDE/SSCON23.DAT')
$INCLUDE('^/INCLUDE/SSCON24.DAT')
$INCLUDE('^/INCLUDE/SSCON25.DAT')
$INCLUDE('^/INCLUDE/SSCON71.DAT,)

IF (IAERO .EQ. 1) THEN

IAERO = 03 IF (T .LT. TSTG1) THEN

SUR = SREF1
DO 10 I=1,205

CATAB (I) = CAlM(I)
CNTAB(I) = CNA1 (I)
CPTAB(I) = XCPL1 (I)

10 CONTINUE

ELSE

SUR = SREF2

DO 20 I=1,205
CATAB(I) = CA2M(I)
CNTAB(I) = CNA2 (I)
CPTAB(I) = XCPL2 (I)

20 CONTINUE

ENDIF

ICAM = 1
ICAA = 1
ICNM = 1
ICNA = 1
ICPM = 1
ICPA = 1

ENDIF

C CALCULATE DYNAMIC PRESSURE AND MACH NUMBER

QA = (MVRWM**2)*RHO/2.0
MACH = MVRWM/VSND

C ZERO AERO FORCES AND MOMENTS WHEN MISSILE VELOCITY IS ZERO

IF ( MVRWM.LE.0.0 .OR. (ABS(T-TSTG2).LE.DTEPS) ) THEN
FXA = 0.0
FYA = 0.0
FZA = 0.0
MXA = 0.0

iMYA = 0.0

I
U ,
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MZA = 0.0

ELSE U
C COMPUTE TOTAL, PITCH, AND YAW ANGLES OF ATTACK

TMPI = SQRT ( VRWM(2)**2 + VRWM(3)**2 )
ALFAT = ATAN2 ( TMP1 , ABS(VRWM(1)) ) / DTR
ALFAP = ATAN2 (VRWM(3) , VRWM(1) ) / DTR
ALFAY = ATAN2 (VRWM(2) , SQRT ( VRWM(1)**2

+ VRWM(3)**2) ) / DTR
IF ( ABS(TMPI).GT.1.OE-6 ) THEN

CPHIA = VRWM(3) / TMP1 U
SPHIA = VRWM(2) / TMP1

ELSE
CPHIA = 1.0
SPHIA = 0.0

ENDIF

C AXIAL FORCE COEFFICIENT - F(M,A)

CALL TLU2EI ( MACH, ALFAT, CATAB, ICAM, ICAA, CA

C NORMAL FORCE COEFFICIENT - F(M,A)

CALL TLU2EI ( MACH, ALFAT, CNTAB, ICNM, ICNA, CN

C CENTER-OF-PRESSURE FOR PITCH AND YAW FORCE - F(M,A)

CALL TLU2EI ( MACH, ALFAT, CPTAB, ICPM, ICPA, XCP

C COMPUTE AERODYNAMIC FORCES

QS = QA*SUR
FXA = QSCA
FYA = -QS*CN*SPHIA
FZA = -QS*CN*CPHIA

C COMPUTE AERODYNAMIC MOMENTS

MXA = FYA*CG(3) - FZA*CG(2)
MYA = -FXA*CG(3) + FZA*( CG(1) - XCP
MZA = FXA*CG(2) - FYA( CG(1) - XCP

ENDIF

RETURN
END 3

FILE: uuv22.19g/sutility/uuatrmosl.for

C ----------------------------------------------------------------------- I
SUBROUTINE ATMOSI(T,ALT,RHO,PRESS,VSND)

C- -----------------------------------------------------------------------
C
C SUBROUTINE NAME : ATMOSI
C
C AUTHOR(S) : DAVID C. FOREMAN
C
C FUNCTION : COMPUTES ATMOSPHERIC PROPERTIES AS A
C FUNCTION OF ALTITUDE
C
C CALLED FROM : FORTRAN MAIN
C
C SUBROUTINES CALLED : TABLE
C
C INPUTS : T,ALT
C
C OUTPUTS : RHO,PRESS,VSND

C
C UPDATES : T. THORNTON - CR # 003
C T. THORNTON - CR * 016
C D. SMITH - CR * 027
C B. HILL - CR # 030

C B. HILL - CR # 036
C T. THORNTON - CR * 037
C T. THORNTON - CR * 042
C D. SMITH - CR * 059
C D. SISSOM - CR # 069

C D. SMITH - CR # 076 I
I
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C . SMITH - CR # 080
C B. HILL / - CR # 081
C R. RHYNE
C R. RHYNE - CR # 087
C B. HILL - CR # 089
C B. HILL - CR # 093
C

IMPLICIT REAL (A-H)
IMPLICIT REAL (O-Z)

REAL ALTT(59) , CIM(9) , CRI(9)
REAL CRW(9) , CWR(9) , LAT
REAL LONG , PRESST(59)
REAL RHOT(59) , SHEART(59) , UVRWM(3)
REAL VSNDT(59)
REAL VWINDT(59) , WINDRT(59)

* DATA INITIALIZATION
$INCLUDE('^/INCLUDE/SSATMOS.DAT

'
)

$INCLUDE('^/INCLUDE/SSCON21.DAT')
$INCLUDE('^/INCLUDE/SSCON26.DAT

'
)

$INCLUDE('^/INCLUDE/SSCON27.DAT
'
)

DATA IALT/ 1 /

C DETERMINE ATMOSPHERIC DENSITY

CALL TABLE(ALTT,RHOT,ALT,RHO, 59, IALT)

C DETERMINE ATMOSPHERIC PRESSURE

CALL TABLE(ALTT,PRESST,ALT,PRESS, 59, IALT)

C DETERMINE SPEED OF SOUND

CALL TABLE(ALTT,VSNDT,ALT,VSND, 59, IALT)

RETURN

END

FILE: uuv22.19g/sutility/uuatmos2.for

C -----------------------------------------------------------------------

SUBROUTINE ATMOS2IT,ALT,XD,YD,ZD,CIM,CRI,LAT,LONG,
VWIND, SHEAR,VRWM,MVRWM)

C ---- ------------------------------------------------------------------

C

C AUTHOR(S) : DAVID C. FOREMAN
C
C FUNCTION : COMPUTES ATMOSPHERIC PROPERTIES AS A
C FUNCTION OF ALTITUDE
C
C CALLED FROM : FORTRAN MAIN
C
C SUBROUTINES CALLED : TABLE , MMK
C
C INPUTS T,ALT,XD,YD, ZD,CIM, CRI,LAT, LONG
C
C OUTPUTS : VWIND,SHEAR,VRWM,MVRWM

C UPDATES : T. THORNTON - CR # 003
C T. THORNTON - CR # 016
C D. SMITH - CR # 027
C B. HILL - CR # 030
C B. HILL - CR # 036
C T. THORNTON - CR # 037
C T. THORNTON - CR * 042
C D. SMITH - CR # 059
C D. SISSOM - CR # 069
C D. SMITH - CR # 076
C D. SMITH - CR # 080
C B. HILL / - CR # 081
C R. RHYNE

C R. RHYNE - CR # 087
C B. HILL - CR # 089

I
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C B. HILL - CR #0933

C
IM L C T R A (A-- - - -- - - - - - --- - - - - - - - - - - -- - - - - - - - - - -

IMPLICIT REAL (O-Z)IMPLCIT EAL O-I
REAL ALTT(59) *CIM(9) ,CRI(9)

REAL CRW(9) *CWR(9) *LAT

REAL LONG *MVRWM *PRESST(59)

REAL RHOT(59) ,SHEART(59) ,UVRWM(3)

REAL VIWIND(3) ,VRWI(3)I

REAL VRWINO(3) VRWM(3) ,VSNDT(59)

REAL VWINDT(59) ,VWWIND(3) ,WINDRT(59)

*DATA INITIALIZATION
SINCLUDE('^/INCLUDE/SSATMOS.DAT')I
SINCLUDE ('/INCLUDE/SSCON21 .DAT-)
$INCLUDE C * /INCLUDE/SSCON26.DAT')
SINCLUDE C ^/INCLUDE/SSCON27.DAT')

DATA IALT/ 1 / 3
C DETERMINE LOCAL WIND VELOCITY

CALL TABLE (ALTT, VWINDT, ALT *VWIND, 59, IALT)

C DETERMINE HORIZONTAL WIND DIRECTIONI

CALL TABLE CALTT,WINDRT,ALT,WINDIR, 59, IALT)
SWDIR - SIN(WINDIR*DTR)
CWDIR = COS(WINOIR*DTR)

C DETERMINE VERTICAL WIND COMPONENT

CALL TABLE (ALTT, SHEART,ALT, SHEAR, 59, IALT)

C COMPUTE THE TRANSFORMATION FROM THE WIND FRAME TO INERTIAL ANDI
C VICE VERSA

CALL MMK(O.0,1,-LAT*DTR,2,LONG*DTR,3,CRW)

CWR(1) = CRW(1)I
CWR(3) = CRW(7)
CWR(4) - CRW(2)
CWR(4) = CRW(2)

CWR(6) = CRW(5)I
CWR(7) = CRW(8)
CWR(7) = CRW(6)
CWR(8) = CRW(9)

C CALCULATE THE WIND VELOCITY IN WIND FRAME3

VWWIND(1) = SHEAR
VWWIND(2) = CWDIR*VWIND
VWWINO(3) = SWDIR*VWIND

C COMPUTE WIND VELOCITY IN THE INERTIAL FRAMEI

VRWINO(1) = CWR(1)*VWWIND(1) + CWR(4)*VWWIND(2) + CWR(7)*VWWIND(3)
VRWIND(2) = CWR(2)*VWWIND(1) + CWR(5)*VWWIND(2) + CWR(8)*VWWIND(3)
VRWINO(3) = CWR(3)*VWWIND(l) + CWR(6)*VWWIND(2) + CWR(9)*VWWIND(3)VIWND1)- CI()*RWID() CI(4*VWID(2 +CR(7)VRIN(I
VIWIND(2) = CRI(2)*VRWIND(1) + CRI(5)*VRWIND(2) + CRI(8)*VRWIND(3)
VIWIND(3) = CRI(3)*VRWINDC1) + CRI(5)*VRWINO(2) + CRI(9)*VRWIND(3)

C COMPUTE WIND RELATIVE MISSILE VELDCITYI

VRWI (i) = XD - VIWIND(1)
VRWI(2) - YD - VIWIND(2)
VRWI(3) = ZO - VIWIND(3) VRW(1 = IMI)*RW(1 + IM4)*RW(2 + IM7)*RW(I
VRWM(1) = CIM(2)'VRWI(l) + CIM(5)*VRWI(2) + CIM(7)*VRWI(3)
VRWM(3) = CIM(3)*VRWI (1) +CIM(6) *VRWI (2) + CIM(8) *VRWI (3)

MVRWM = SQRT ( VRWM(1)**2 +VRWM(2)**2 + VRWM(3)**2I
IF ( MVRWM.GT.O.D ) THEN

FTN286 X415 OPTIMIZE(3)
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99999 CONTINUE
UVRWM(1) = VRWM(1) / MVRWM
UVRWM(2) = VRWM(2) / MVRWM
UVRWM(3) = VRWM(3) / MVRWN

ELSE
UVRWM(1) = 0.0
UVRWM(2) = 0.0
UVRWM(3) = 0.0

ENDIF

RETURN
END

FILE: uuv22.19g/sutility/uubauto.for

C -----------------------------------------------------------------------
SUBROUTINE BAUTO(T,THTER,PSIER,SQ,SR,MASS, IYY,IZZ,CGEST,TI2M,RMIR,

VMIR, IBAUTO, CMMD,DLPC, DLYC,KTHT,KTHTD,XDEL,
XCPCG, LFRACS,CNALP,MDELTA, KNE,KME,MALPHA)

C-------------------------------------------------------------------
C
C SUBROUTINE NAME : BAUTO
C
C AUTHOR(S) : L. C. HECK, D. C. FOREMAN
C
C FUNCTION : PROVIDES CONTROL OF THE MISSILE ABOUT THREE
C AXES THROUGHOUT THE BOOST PHASE OF FLIGHT
C
C CALLED FROM : FORTRAN MAIN
C
C SUBROUTINES CALLED : TABLE , TLU2EI , OPTSCC
C
C INPUTS : T,THTER,PSIER,SQ,SR,MASS,IYY,IZZ,CGEST,TI2M,

RMIR, VMIR, IBAUTO
C
C OUTPUTS : CMMD,DLPC,DLYC,KTHT,KTHTD,XDEL,XCPCG,
C LFRACS,CNALP,MDELTA,KNE,KME, MALPHA
C
C UPDATES : T. THORNTON - CR # 025
C D. SMITH - CR # 027
C T. THORNTON - CR # 037
C B. HILL - CR # 038
C 0. SMITH - CR # 039
C T. THORNTON - CR # 042
C T. THORNTON - CR # 046
C T. THORNTON - CR # 048
C B. HILL - CR # 056
C D. SMITH - CR # 059
C D. SISSOM - CR # 069
C D. SMITH - CR # 072
C B. HILL / - CR # 081
C R. RHYNE
C R. RHYNE - CR * 087
C B. HILL - CR # 089
C D. SMITH - CR # 092
C B. HILL - CR # 093
C
C -----------------------------------------------------------------------

IMPLICIT REAL (A-H)
IMPLICIT REAL (O-Z)

REAL CGEST(3) CMMD(2) TI2M(9)
REAL KTHT KPSI KTHTD
REAL KPSID TIMTE1(26) TIMTE2(29)
REAL THRTEI(26) THRTE2(29) ALTT(59)
REAL CNAIE(205) CNA2E(205) XCPLIE(205)
REAL XCPL2E(205) RHOT(59) VMIR(3)
REAL LD KNE KME
REAL LFRACS FRCLOC(3,4) MALPHA
REAL MDELTA VSNDT(59) PRESST(59)
REAL MCHLIM CAIME(205), CA2ME(205)
REAL IYY IZZ
REAL AFR(3,3) BFR(3,1) , KFR(1,3)
REAL QlFR(3,3) Q2FR(I,l) MASS
REAL RMIR(3) VMRWE(3)
REAL CNTABE(205) CPTABE(205) , CATABE(205)

C LOCAL DATA USED FOR CONSTANTS, VARIABLES AND INITIALIZATION FLAG
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SAVE ICNME, ICNAE, ICPME, ICPAE,
ICAME, ICAAE, IALTE, ITH1E, ITH2E

DATA INITIALIZATION

$INCLUDE ( 'JINCLUDE/SSCON33 .DAT')
INCLUDE C' /INCLUDE/SSCON34 .DAT*)I

SINCLUDE C' /INCLUDE/SSCON35.DAT')

SINCLUDE('^/INCLUDE/SSCON21.DAT')
SINCLUDE ( -/INCLUDE/SSCON22 .DAT')
SINCLUDE('A/INCLUDE/SSCON24 .DAT')
$INCLUDE C /INCLUDE/SSCON28 .DAT )I
SINCLUDE C' 'INCLUDE/SSCON28.DAT')
$INCLUDEC '-/INCLUDE/SSC0N29.DAT )I

SINCLUDE ('^/INCLUDE/SSCON30.DAT')

SINCLUDE(C'-/INCLUDE/SSCON-,31 .DA')
SINCLUDE C''/INCLUDE/SSC0N32.DAT')I
SINCLUDE C' /INCLUDE/SSOPTSSC.FUN')

IF (IBAUTO .EQ. 1) THEN

IBAUTO - 03

IF (T .LT. TSTG1) THEN
DO 10 I=1,205

CNTABE(I) = CNA1E CI)

CPTABE(I) -XCPL1E(I)I
CATABE CI) - CA1ME CI)

10 CONTINUE
ELSE

DO 20 I=1,205
CNTABECI) = CNA2ECI)
CPTABE(I) - XCPL2E(I)I
CATABE CI) = CA2ME CI)

20 CONTINUE
ENDIF ICNME =I
ICNME = 1
ICNAE = 1
ICPME = 1
ICAE = 1
ICAME = 1
IAAE = 1I
ITH1E"= 1
ITH2E=1

ENDIF3

C COMPUTE ESTIMATED ALTITUDE

ESTALT = SORT C RMIRC1)**2 + RMIR(2)**2 + RMIR(3)**2 )-RADE

C COMPUTE ESTIMATED ATMOSPHERIC PROPERTIES3

CALL TABLE (ALTT, RHOT ,ESTALT, ESTRHO, 59,ITALTE)
CALL TABLE (ALTT, PRESST, ESTALT, ESTPRE, 59, EALTE-)
CALL TABLE (ALTT,VSNDT ,ESTALT, ESTVSD, 59, IALTE)

C COMPUTE ESTIMATED WIND RELATIVE VELOCITY COMPONENTSI

VMRWEC1) = VMIRC1)'TI2MC1) + VMIR(2)*TI2M(4) + VMIR(3)*TI2MC7)
VMRWEC2) =VMIRC1)*TI2MC2) + VMIR()-TI2M(5) + VMIR(3)*TI2M(8)
VMRWE(3) - VMIRC1)*TI2MC3) + VMIR(2)*TI2M(6) + VMIR(3)'TI2MC9)I

C COMPUTE ESTIMATED MACH NUMBER AND DYNAMIC PRESSURE

ESTVEL = SORT C VMRWE(1)**2 + VMRWEC2)**2 + VMRWE(3)**2
ESTr"CH = ESTVEL/ESTVSD

ESTOA = ESTRHO*ESTVEL**2/2.D

C CALCULATE ESTIMATED VACUUM THRUST

IF C T.GE.TSTG1 ) THEN
TO = T - TST20N
SREFE =SREF2
XNOZE - XNOZ2
AEXITF = AEXIT2
CALL TABLE(TIMTE2,THRTE2,TO,THRVE, 29, ITH2E)

ELSEI

SREFE = SREF1
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XNOZE =XNOZ1
AEXITE = AEXIT1
CALL TABLE (TIMTE1, THRTE1, TO, THRVE, 26, ITHlE)

ENDIF

c 2ON. U:E E>Z-I.:1 " L:VEREC

THRE =T.iRVE - AEXITE*ESTPRE
IF ( THRE.LT.O.O ) THRE =0.0

C COMPUTE ESTIMATED TOTAL ANGLE OF ATTACK IN DEGREES AND PLANAR
C ANGLES OF ATTACK IN RADIANS

IF ( ESTVEL.GT.O.O THEN
ALFATE = ATAN2 (SQRT(VMRWE(2)**2 + VMRWE(3)**2),

ABS(VMRWE(1)) )/DTR
ALFAPE = ATAN2 ( VMRWE(3) ,VMRWE(l)

ALFAYE = ATAN2 (-VMRWE(2) ,VMRWE(1)

ELSE
ALFATE = 0.0
ALFAPE - 0.0
ALFAYE - 0.0

END IF

CALL TLU2EI (ESTMCH, 4.0 , CNTABE , ICNME, ICNAE, CNE
CALL TLU2EI (ESTMCH, ALFATE, CPTABE ,ICPME, ICPAE, XCPE
CALL TLU2EI (ESTMCH, ALFATE, CATABE ,ICAME, ICAAE, CAE

C CALCULATE CNAt.FA (PER RADIAN)

CNALP - CNE/(4.0*DTR)

C ESTIMATE DRAG FORCE

DRAGE = CAE*ESTQA*SREFE

C COMPUTE AERODYNAMIC MOMENT ARM

XCPCG - XCPE - CGEST(1)

C TVC AUTOPILOT

IF ( T.LT.TFRCS .AND. T.GE.TINHIB ) THEN

XDEL =CGEST(1) - XNOZE
MALPHA = ABS (CNALP*XCPCG*SREFE*ESTQA/IYY)
KTHT = - (IYY*WMTVC**2 + CNALP*SREFE-ESTQA*XCPCG)

/(THRE*XDEL)
KPSI = - (IZZ*WMTVC**2 + CNALP*~SREFE*ESTQA*XCPCG)

/ T HRE* XDEL)
KTHTD = - 2. 0*ZETTVC*WMTVC*IYY/ (THRE*XDEL)
KPSID = - 2.0*ZETTVC*WMTVC*IZZ/(THRE.XDEL)

C AUTOPILOT PITCH AND YAW CONTROL FOR THRUST VECTOR CONTROL

CMMD(l) = THTER*KTHT - SQ*KTHTD
CMMD(2) = PSIER*KPSI - SR*KPSID

C COM4PUTE BUCKET LIMIT ON NOZZLE COMMANDS

TOTCMD = SQRT(CMID(1)2 + CMMD (2)**2)
IF ( TOTCMD.GT.BCKLMT ) THEN

CMMD(1) = CMMD(1)*BCKLMT/TOTCMD
CMMD(2) = CMMD(2)*BCKLMT/TOTCMD

ENDIF

ELSE

KTHT = 4.0
KPSI = 4.0
KTHTD = 4.0
KPSID = 4.0
CMMD(l) = 0.0
CMMD(2) = 0.0

END IF

C FORWARD REACTION CONTROL SYSTEM AUTOPILOT

IF ( T.GE.TFRCS )THEN
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C COMPUTE FORCE AND MOMENT MULTIPLIERS

LD = ( XJET - XNOZE )/DJET
CT = THJET/ (ESTQA*SJET)
TMP1 = SORT ( CT)
IF ( ESTMCH.LE.MCHLIM ) THEN

KNE - L. L118 +~ (0.1358- i. O 4 8 5 *S I'''j
+ 0.0946*ESTMCH + 0.004317/LD

ELSE
KNE -1.0 + EXP(1.1 - 0.2116*(ALOG(CT)+8.5)**1.4)

ENDIF

KME =0.5582 - 0.1884/TMPl - 1.9659/LD

C DETERMINE AIRFRAME COEFFICIENTS FOR PLANT MODEL
C NOTE :AN ALTERNATE CALCULATION FOR MDELTA IS
C MDELTA = (-KME*DJE-T + KNE*LFRACS)/IYY

TMP1 = ESTQA*SREFE*CNALP
TMP2 = MASS*ESTVEL
LFRACS - FRCLOC(1,1) - CGEST(l)

MALPHA - TMP1*XCPCG/IYY
MDELTA = -KNE*LFRACS/IYYI

ZALPHA = CTHRE + DRAGE + TMP1 )/TMP2
ZDELTA = KNE/TMP2

C ESTIMATE MAXIMUM ANGLE OF ATTACK

ALFAMX - ABS ( THJET*MDELTA/MALPHAI

C SET PLANT WEIGHTING MATRIX

QIFR (1, 1) = 1.0/THERMX**2
Q1FR(2,2) = 1.0/ALFAMX**2I
Q1FR(2,3) = 1.0/THDTMX**2

C SET INPUT WEIGHTING MATRIX

Q2FR(1,1) =1.0/(KNE*THJET)**2I

C INITIALIZE ANALOG PLANT MODEL

AFR(1,1) = 0.0

AFR(1,2) = 1.0I
AFR(1,3) = 0.0
AFR(2,2) = 0.0

AFR(2,3) = MALPHA

AFR(3,1) = 0.0I

AFR(3,3) = - ZALPHA

BFR(1,1) = 0.0

BFR(2,I) = MDELTAI

C COMPUTE STEADY STATE OPTIMAL CONTROL GAINS

CALL OPTSSC(AFR,BFR,3,1,DTAPU,Q1FR,Q2FR,KFR)I

KFR(1,1) = OPTSSC1(ESTALT)
KFR(1,2) - OPTSSC2(ESTALT)
KFR(1,3) - OPTSSC3(ESTALT)

C COMPUTE DESIRED PLANAR CONTROL FORCES

FCMDP = KFR(1,1)*THTER - KFR(1,2)*SQ - KFR(1,3)*ALFAPE
FCMDY - KFR(1,1)*PSIER + KFR(1,2)*SR + KFR(1,3)*ALFAYE

C COMPUTE DURATION OF NEEDED VALVE OPEN PULSES

DLPC = FCMDP/(KNE*THJET)
DLYC = FCMDY/ (KNE*THJET)

ELSEIF ( T.LT.TFRCS ) THEN

DLPC - 0.0I

ENDIF

RETURN

ENDI
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FILE: uuv22.19g/sutility/uubguid.for

C -----------------------------------------------------------------------
SUBROUTINE BGUID(T,AT,AC,TI2M,PG, IMINSF,VW,PGD,VWD,WC.PSIER,

• ilhE , em, KA",/V)
C------------------------------------------------------------------------------
C
C SUBROUTINE NAME BGUID
C
C AUTHOR(S) L. C. HECK, D. C. FOREMAN
C
C FUNCTION : TO CALCULATE THE ERROR BETWEEN THE COMMANDED
C POINTING VECTOR AND THE ACTUAL DIRECTION THE
C MISSILE IS POINTED DURING BOOST
C
C CALLED FROM : FORTRAN MAIN
C
C SUBROUTINES CALLED : TABLE, intrinsics
C
C INPUTS T,AT,AC,TI2M
C
C OUTPUTS PGD,VWD,WC,PSIER, THTER, PM, KA, KV
C
C B0TH PG,IMINSF,VW
C
C UPDATES T. THORNTON - CR # 006
C T. THORNTON - CR # 016
C T. THORNTON - CR # 025
C B. HILL - CR # 030
C T. THORNTON - CR # 037
C T. THORNTON - CR # 042
C T. THORNTON - CR # 046
C D. SMITH - CR # 059
C D. SMITH - CR # 072
C B. HILL / - CR # 081
C R. RHYNE
C D. SMITH - CR # 092
C B. HILL - CR # 093
C
C -----------------------------------------------------------------------

IMPLICIT REAL (A-H)
IMPLICIT REAL (O-Z)

REAL VWD(3) VW(3) WC(3)
REAL PGD(3) PG(3) PM(3)
REAL AT(3) AC(3) TI2M(9)
REAL KA KAI KA2
REAL KA3 KA4 KA5
REAL KV KV1 KV2
REAL KV3 KV4 KV5
REAL ATTLTT(5) ATTLMT(5)

DATA INITIALIZATION
$INCLUDE('^/INCLUDE/SSCON36.DAT

'
)

$INCLUDE('^/INCLUDE/SSCON37.DAT
'
)

$INCLUDE('^/INCLUDE/SSCON38.DAT
'
)

$INCLUDE('^/INCLUDE/SSCON22.DAT
'
)

$INCLUDE( '/INCLUDE/SSCON30.DAT
'
)

DATA IATTLM / 1 /

C COMPUTE POINTING VECTOR COMMAND GAINS

IF ( T.LE.TS ) THEN
KA = KA1
KV = KVI

ELSEIF C T.LE.TSTG1 ) THEN
KA = KA2
KV = KV2

ELSEIF C T.LE.T5 ) THEN
KA - KA3
KV = KV3

ELSEIF ( T.LE.T2S ) THEN
KA = KA4
NV = KV4

ELSE
KA = KA5
KV = KV5

ENDIF
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C COMPUTE COMMAND ANGULAR VELOCITY INTEGRAL (VW) DERIVATIVE I
VWD(1) = AT(2)*AC(3) - AT(3)*AC(2)
VWD(2) = AT(3)*AC(1) - AT(1)-AC(3)
VWD(3) = AT(1)*AC(2) - AT(2)*AC(1) U

U
C LAUNCH STEERING MODE

IF ( T.LE.TC ) THEN

C COMPUTE THE COMMAND ANGULAR VELOCITY VECTOR (WC)

WC(1) = 0.0
WC(2) = 0.0
WC(3) = 0.0 I

C COMPUTE POINTING VECTOR (PG) DERIVATIVE

PGD(1) = 0.0

PGD(2) = 0.0
PGD(3) = 0.0 I

C MINIMUM IMPULSE STEERING MODE

ELSEIF ( T.LE.T5 ) THEN

C RESET POINTTNG ON FIRST PASS THROUGH MINS LOGIC

IF ( IMINSF.EQ.0 ) THEN
PG(1) = AC(1)
PG(2) = AC(2) I
PG(3) = AC(3)
IMINSF = 1

ENDIF

C COMPUTE THE COMMAND ANGULAR VELOCITY VECTOR (WC)

WC(1) = KA*VWD(1) + KV*VW(1)
WC(2) = KA*VWD(2) + KV*VW(2)
WC(3) = KA*VWD(3) + KV*VW(3)
WCMAX = AMAXI(ABS(WC(1)),ABS(WC(2)),ABS(WC(3)))
IF ( WCMAX.GT.WLIM ) THEN

SCALE = WLIM/WCMAX
WC(1) = SCALE*WC(1)
WC(2) = SCALE*WC(2)
WC(3) = SCALE*WC(2)

ENDIF

C COMPUTE POINTING VECTOR (PG) DERIVATIVE

PGD(1) = WC(2)*PG(3) - WC(3)*PG(2)
PGD(2) = WC(3)*PG(1) - WC(1)*PG(3)
PGD(3) = WC(1)*PG(2) - WC(2)*PG(1)

C SET POINTING VECTOR COINCIDENT WITH STEERING VECTOR DURING
C FRACS

IF ( T.GE.TFRCS ) THEN
PG(1) - ACM1)
PG(2) = AC(2)
PG(3) = AC(3)

ENDIF I
C GENERALIZED ENERGY MANAGEMENT STEERING MODE

ELSEIF ( T.LE.TCD ) THEN I
C COMPUTE COMMAND ANGULAR VELOCITY INTEGRAL (VW)

VWMAX = AMAXi (ABS (VW(i)) ,ABS(VW(2)) ,ABS(VW(3)))
IF ( VWMAX.GT.VWLIM ) THEN

SCALE = VWLIM/VWMAX
VW(1) = SCALE*VW (i)
VW(2) = SCALE*VW(2)
VW(3) = SCALE*VW(3)

ENDIF

C COMPUTE THE COMMAND ANGULAR VELOCITY VECTOR (WC)

WC(1) = KA*VWD(1) + KV*VW(1) I
I
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WC(2) = KA'VWD(2) + KV'VW(2)
WC(3) = KA*VWD(3) + KV*VW(3)
WCMAX = AMAXI(ABS(WC(l)),ABS(WC(2)),ABS(WC(3)))
IF ( WCMAX.GT.WLIM ) THEN

SCALE = WLI,:/WCMAX
WC(1) A £LEIWC(1)
WC(2) = SCALE*WC(2)
WC(3) = SCALE*WC(3)

ENDIF

C COMPUTE POINTING VECTOR (PG) DERIVATIVE

PGD(1) = WC(2)*PG(3) - WC(3)*PG(2)
PGD(2) = WC(3)*PG(1) - WC(1)-PG(3)
PGD(3) = WC(1)*PG(2) - WC(2)*PG(1)

C COUNTDOWN STEERING MODE

ELSE

C COMPUTE COMMAND ANGULAR VELOCITY INTEGRAL (VW)

VWMAX = AMAX1(ABS(VW(l)),ABS(VW(2)) ,ABS(VW(3)))
IF ( VWMAX.GT.VWLIM ) THEN

SCALE = VWLIM/VWMAX
VW(1) = SCALE*VW(1)
VW(2) = SCALE*VW(2)
VW(3) = SCALE*VW(3)

ENDIF

C COMPUTE THE COMMAND ANGULAR VELOCITY VECTOR (WC)

WC(1) = V.0
WC(2) = 0.0
WC(3) = 0.0

C COMPUTE POINTING VECTOR (PG) DERIVATIVE

PGD(1) = 0.0
PGD(2) = 0.0
PGD(3) = 0.0

ENDIF

C TRANSFORM THE POINTING VECTOR FROM THE INERTIAL GUIDANCE FRAME
C INTO THE MISSILE BODY FRAME

PM(1) = PG(1)*TI2M(1) + PG(2)*TI2M(4) + PG(3)*TI2M(7)
PM(2) = PG(1)*TI2M(2) + PG(2)*TI2M(5) + PG(3)*TI2M(8)
PM(3) = PG(1)*TI2M(3) + PG(2)*TI2M(6) + PG(3)*TI2M(9)

C COMPUTE THE ERROR SIGNAL SENT TO THE AUTOPILOT

PSIER = PM(2)
THTER = -PM(3)

C LIMIT ATTITUDE ERRORS SENT TO THE AUTOPILOT

CALL TABLE(ATTLTT,ATTLMT, T,ATTLM, 5,IATTLM)
TOTERR - SQRT ( PSIER**2 + THTER**2
IF ( TOTERR.GT.ATTLM ) THEN

PSIER = PSIER*ATTLM/TOTERR
THTER = THTER*ATTLM/TOTERR

ENDIF

RETURN
END

FILE: uuv22.19g/sutility/uubrtavg.for

C -----------------------------------------------------------------------
SUBROUTINE BRTAVG(TN,TA,DT,W)

C -----------------------------------------------------------------------
C
C SUBROUTINE NAME : BRTAVG
C
C AUTHOR(S) : D. F. SMITH
C
C FUNCTION : Compute the average body rates over the last
C interval using the current and previous
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C inertial to missile transformation matrices

C CALLED FROM :GYRO
C
C SUBROUTINES CALLED M3X3I
C

C INPUTS TN,TA,DTI
C OUUT :W
C OUPT

C UPDATES: D. SMITH - CR # 076

C------------------------------------------------------------------------------

IMPLICIT REAL (A-H)
IMPLICIT REAL (O-Z)

REAL TN(9), TA(9). W(3)I
REAL TD(9), TI(9), TE(9)

C COMPUTE INVERSE OF PREVIOUS TRANSFORMATION MATRIX

CALL M3X3I ( TA , TI)I

C COMPUTE DELTA ROTATION MATRIX FROM PREVIOUS MISSILE ATTITUDE TO CURRENT
C MISSILE ATTITUDE

TD(i) = TN(1)*TI(l) + TN(4)*TI(2) + TN(7)*TI(3)
TD(2) - TN(2) TIM1 + T&(5)*TI(2) + TN(B)*TI(3)
TD(3) = TN(3)*TI(1) + TN(6)*TI(2) + TN(9) *TI (3)
TD(4) = TN(l)*TI(4) + TN(4)*TI(5) + TN(7)*TI(6)
TD(5) =TN(2)*TI(4) + TN(5)*TI(5) + TN(8)*TI(6)
TD(6) = TN(3)*TI(4) + TN(6)*TI(5) + TN(9)*TI(6)I
TD(7) - TN(1)*TI(7) + TN(4)*TI(8) + TN(7)*TI(9)
TD(8) = TN(2)*TI(7) + TN(5)*TI(8) + TN(8)*TI(9)
TD(9) - TN(3)*TI(7) + TN(6)*TI(B) + TN(9)*TI(9)

C DETERMINE DELTA EULER ANGLES FROM PREVIOUS ORIENTATION CEULER ROTATIONI
C SEQUENCE IS PSI-THETA-PHI)

DLPSI = ATAN2 (TD(4) *TD(1)

-LTHE = AF
T
N C-TD(7))

DLPHI = ATAN2 CTD(8) *TD(9)I

CDLPSI = COS CDLPSI
SDLPSI - SIN CDLPSI
CDLTHE = COS CDLTHE

SDLTHE - SIN CDLTHEI

SDLPHI = SIN CDLPHI

C COMPUTE MATRIX RELATING EULER ANGULAR RATES TO BO-)Y RATES ([TE) IS

C USED FOR TEMPORARY STORAGEI

TE(1 = 1.0
TE(2) = 0.0

TE(3) = 0.0
TE(4) = 0.0I
TE(5) = CDLPSI
TE(6) = - SDLPSI
TE(7) = - SDLTHE
TE(8) = CDLTHE*SDLPHI

TE(9) = CDLTHE*CDLPHII
C ADD IDENTITY MATRIX TO [TEJ AND INVERT THE RESULTANT MAiRIX

TD(i) = TE(1) + 1.0
TD(2) - TE(2)
TD(3) = TE(3)I
TD(4) - TEC4)
10(5) = TE(5) + 1.0
TD(6) - TE(6)
TD(7) - TE(7)

TD(8) - TE(8)I

CALL M3X3I ( TD ,TI

C CALCULATE AVERAGE BODY RATES OVER LAST INTERVALI

TD(1) - TI )1)*TE(l) + TI(4)*TE(2) + TI (7) *TE(3)
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TD(2) = TI(2)'TE(1) + TI(5)'TE(2) + TI(8) TE(3)
TD(3) = TI(3)*TE(1) + TI(6)*TE(2) + TI(9)'TE(3)
TD(4) = TI(1)*TE(4 + TI(4)*TE(5) + TI(7)*TE(6)
TD(5) = TI(2)'TE(4) + TI(5)*TE(5 + TI(25 'TE(6)
TDIE) = TI(3)'TE(4) + TI(6)*TE(5) + TI(9)*TE(6)
TD(7) = TI(1)TE(7) + TI(4)*TE(8) + TI(7)*TE(9)
TD(8) = TI(2)-TE(7) + TI(5)*TE(8) + TI(8)*TE(9)
TD(9) = TI(3)*TE(7) + TI(6)*TE(8) + TI(9)*TE(9)

W(1) = 2.0 *( TD(1)*DLPHI , TD(4)*DLTHE + TD(7)*DLPSI ) / OT
W(2) = 2.0 * ( TD(2)*DLPHI + TD(5)*DLTHE + TD(8)*DLPSI ( I DT
W(3) = 2.0 ( TD(3)*DLPHI + TD(6)*DLTHE + TD(9)*DLPSI ( I DT

RETURN
END

FILE: uuv22.19q/sutility/uubsteer.for

C -----------------------------------------------------------------------
SUBROUTINE BSTEER(T,USI,USF,UVS,MVS,MVR,AT,RMIR,VMIR,US, P ,AC,

WASTAN,VRATIO,VELWD)
C---- ------------------------------------------------------------------

C
C SUBROUTINE NAME : BSTEEl
C
C AUTHOR(S) : L. C. HECK, D. C. FOREMAN
C
C FUNCTION : CALCULATES THE STEERING COMMANDS FOR THE
C BOOST PHASE OF FLIGHT
C
S CALLED FROM : FORTRAN MAIN
C
C SUBROUTINES CALLED : NONE
C
C INPUTS : T,USI,USF,UVS,MVS,MVR,AT,RMIR,VMIR
C
C OUTPUTS : USD,AC,WASTAN,VRATIO,VELWD
C
C BOTH : US
C
C UPDATES : T. THORNTON - CR # 005
C T. THORNTON - CR # 016
C T. THORNTON - CR # 025
C B. HILL - CR # 030
C T. THORNTON - CR # 037
C T. THORNTON - CR # 042
C T. THORNTON - CR # 046
C D. SMITH - CR # 059
C D. SMITH - CR # 072
C D. SMITH - CR # 073
C B. HILL / - CR # 081
C R. RHYNE
C D. SMITH - CR # 092
C B. HILL - CR # 093
C
C -----------------------------------------------------------------------

IMPLICIT REAL (A-H)
IMPLICIT REAL (O-Z)

REAL USF(3) UVS(3) DBAR(3)
REAL USD(3) AT(3) US(3)
REAL AC(3) BBAR(3) BIGAC(3)
REAL BIGB(3) MVS MVR
REAL KS1 KB MBIGAC
REAL MBIGB VMIR(3) USI(3)
REAL RMIR(3) GREST(2)

C LOCAL DATA USED FOR CONSTANTS, VARIABLES AND INITIALIZATION FLAG

SAVE IBSTR

DATA INITIALIZATION
SINCLUDE('^/INCLUDE/SSCON36.DAT')
SINCLUDE('^/INCLUDE/SSCON38.DAT

'
)

$[NCLUDE('^/INCLUDE/SSCON39.DAT')
SINCLUDE('^/INCLUDE/SSCON40.DAT

'
)

SINCLUDE('^/INCLUDE/SSCON30.DAT
'
)
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DATA IBSTR / 1 / I

IF ( IBSTR.EQ.1 ) THEN

!BSTR = 0

C INITIALIZE FLAG WHICH ENABLES RESET OF STEERING V .CTOR Al
C FRACS INITIATION

IF ( T.GT.TFRCS ) THEN
ISETUS = I

ISETUS = 01

ENDIF

END IF

C LAUNCH STEERING LOGIC

IF ( T.LE.TC ) THEN
USD(1) = 0.0

USD(2) = C.0 2I

AC (1) =US(1)

AC (3) = US(3)

C MINIMUM IMPULSE STEERING (MINS) LOGIC

ELSEIF ( T.LE.T5 ) THEN

C RESET UNIT STEERING VECTOR AT FRACS INITIATION

IF ( T.GE.TFRCS .AND. ISETUS.EQ.D ) THEN
TMP1 = SORT ( VMIR(11**2 + '.'R2)-2 + VMIR(3)**2
US (1 = VMIR(1)/TMP1

US(2) = VMIR(2)/TMP1I

ISETUS = 1
ENDIF

C CALCULATE STEERING VECTOR DERIVATIVE3

IF ( T.GE.TFRCS ) THEN

C ESTIMATE GRAVITY VECTOR

TMP1 SORT ( RMIR(1)**2 + RMIR(2)2 + RMIR(3**2)3
TMP3 = TMPI**3
GREST(1) = - GMU*RMIR(1)/TMP3
GREST(2) = - GMU*RMIR(2)/TMP3
GREST(3) = - GMU*RMIR(3)/TMP3

C ESTIMATE TURNING RATE DUE TO GRAVITY

TMP4 = SQRT ( VMIR(11**2 + VMIR(2)**2 ,VMIR(31**2
TMP1 = IGREST(2)*US(3) - GREST(3)*US(2) )/TMP4
TMP2 = IGREST(3)*USI1) - GREST(lI*US(3) )ITMP4I
TMP3 = IGREST(1I*US(2) - GREST(2)*US(11 )/TMP4
USD(1) = US(2)*TMP3 - US(3)*TMP2
USD121 = US(3)*TMP1 - US(1)*TMP3
USD(3) - US(11*TMP2 - US(2)*TMPI

FLSEI
USOOT - USI1)*USI(1) + US(2)*USI(2) + US(3)*USI(3)
USD(1) -K51*IUSI(l) - USDOT*US(1))
USD12) = KS1*iUSI(2) - USDOT*US(2))
USD(3) = KS1i(USI(3) - USDOT*US(31)

ENDIF

AC(1) = US(1)
AC(2) = USQ1)
AC(3) = US(3)

GENERAL ENERGY MANAGEMENT (GEMS) STEERING LOGICI

ELSEIF ( T,.LE.TC-D ) THEN
USD11) D.OC

USD12) = D.0

US~l) = UVS 11)
US (2) = UVS(2)



US 3) = US 3)19. Appendix N: EXOSIM 2.0 (End-to-end) 145

BIGB(l) = D8AR(2)*US(3) - DBAR(3)*US(2)
BIGB(2) = DBAR(3)*US(l) - DBAR(1)*US(3)
BIGB(3) = DBAR(1)*US(2) - DBAR(2)*US(l)

MBIGS = SQRT(BIGB(1)*-2 + BIGB(2)*-2 + BIGB(3)*2)
BBAR(l) = BIGB(1)/MBIGB
BBAR(2) = BIGB(2)/MBIGB
BBAR(3) = BIGB(3)/MBIGB

IF ( MVR.NE.0 ) THEN
VRATIO = MVS/MA/R

END IF

IF ( MVS.LE.MVR ) THEN
WASTAN = KB*(1.0 - VR.ATIO)**0.5

ELSE
WASTAN = 0.0

ENDIF

SINWAN = VRATIO*WASTAN
COSWAN = 1.0 - WASTAN**2/2.0
BIGAC(1) = US(1)*COSWAN - BBAR(l)-SINW'N

BIGAC(2) = rS(2)*COSWAN - BBAR(2)-SINWANIBIGAC(3) = US(3)*COSWAN - BBAR(3)*SINWAN

MBIGAC = SQRT(BIGAC(l).*2 + BIGAC(2)**2 + BIGAC(3)**2)
AC~i) = BIGAC(1)/MBIGAC

AC(2) = BIGAC(2)/MBIGACIAC(3) = BIGAC(3)/MBIGAC

ATDTUS = AT(1)*US(l) + AT(2)*US(2) + AT(3)*US(3)
VELWD = SORT (AT (1)**2 + AT(2)2 + AT(3)**2) - ATDTUS

C COUNTDOWN STEERING LOGIC

ELSE
AC(i) = 05(1)
AC(2) = U5(2)

AC(3) = US(3)IVELWD = 0.0

END

FILE: uuv22.19q/sutility/uubthrst.for

* C------------------------ -----------------------------------------------------
SUBROUTINE BTHRST(T,CG,EISP,PRESSDLP,DLY,TOSEED,TBRK,IBTHR,FXT,

FYT, FZT, MXT, MYT, MZT,MOT,THRV, THR)
C------------------------------------------------------------------------------

C

C
C AUTHOR(S) :L. 0. HUEBNER, D. C. FOREMAN
C

C FUNCTION :COMPUTES MISSILE THRUST VECTOR AND MOMENTSIC DUE TO FIRST AND SECOND STAGE BOOSTERS
C
C CALLED FROM :FORTRAN MAIN
C
C SUBROUTINES CALLED :TABLEIC

C INPUTS :T,CG,EISP,PRESS,DLP,DLY, IBTHR
C
C OUTPUTS :FXT,FYT,FZT,MXT,MYTMZT,MDOTT,THRV,THR
C

C BOTH TOSEED, :BRK

C UPDATES T . THORNTON - CR # 002
C I. THORNTON - CR #016
C 0. SMITH - CR # 027
C T. THORNTON - CR # 037

C B. HILL - CR # 038
C 0. SMITH - CR N 031~
C T. THORNTON - CR 043
C T. THORNTON - CR 046
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CD. SMITH - CR # 059I
C D. SMITH - CR # 076
C D. SMITH - CR # 080
C B. HILL / - C2R # 081
C R. RHYNE
C R. RHYNE - CR # 087
C B. HILL - CR # 089I
C D. SMITH - CR # 092
C B. HILL - CR # 093
C
C------------------------------------------------------------------------------

IMPLICIT REAL (A-H)I
IMPLICIT REAL (O-Z)

REAL TIMTH1(26) ,THRTH1(26) ,TIMTH2(29)

REAL THRTH2(29) *CG(3) ,THRMA(9)I

REAL MXT *MYT *MZT

REAL MDOTT ,BOFF1(2) ,BOFF2(2)

INTEGER*4 TOSEED

C LOCAL DATA USED FOR CONSTANTS, VARIABLES AND INITIALIZATION FLAG

SAVE ITH1 I ITH2 *AEXIT ,XNOZ *THRMA

DATA INITIALIZATIONI
SINCLUDE (*'/INCLUDE/SSBTHRST. DAT')
$INCLUDE('^/INCLUDE/SSCON17.DAT-)
SINCLUDE ('^/INCLUDE/SSCON22.DAT-)

SINCLUDE C ^/INCLUDE/SSCON23.DAT-)

SINCLUDE ( ^/INCLUDE/SSCON29.DAT-)I
S INCLUDE U ^/INCLUDE/SSCON31 .DAT')
SINCLUDE ( ^/INCLUDE/SSCON32. 7AT')
SINCLUDE(C*'J/INCLUDE/SSCON41 .DAT')

DATA ITH1,ITH2 / 2-1 /I

IF (IBTHR .EQ. 1) THEN

IBTHR = 0

IF (T .LT. TSTG1) THENI
AEXIT = AEXITi
XNOZ = XNOZ1
IF (T .EQ. 0.0) THEN

BOFF2(1) = 2.0-PI-RANO(TOSEED)
BOFF2C2) = 2.0*PI-RANO(TOSEED)I

ENDIF
OFFi = BOFFI (1)
OFF2 = BOFF2(1)

ELSE

AEXIT = AEXIT2I
XOZ = BO 2)
OFF2 = BOFF2 (2)

ENDIF

COFFi = COSCOFF1)I
COFF2 = CS(OFF1)
COFF2 = CSN OFF2) SOFF2 = SINOFFI

C CALCULATE DIRECTION OF BOOSTER NOZZLE MISALIGNMENT

THRMA(1 = COFF.
THRMA(2) = SOFF1*COFF2
THRMA(3) = SOFF1*SOFF2

THRMA(4) = SOFF1*SOFF2I
THRMA(5) = COFF1COF
THRMA(6) = SOFFI*COFF2
THRMA(8) - SOFF1*SOFF2

THRMA(9) = COFF1

IF (T .LT. TSTG2) THEN

C SFCOND STAGE BOOST

IF ( T.GE.TSTG1 ) THEN

TO =T - TST20N
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CALL TABLE(TIMTH2,THRTH2,T0,THRV,29,ITH2)

C FIRST STAGE BOOST

ELSE
TO T - TIGN
CALL TABLE(TIMTH1,THRTH1,TO,THRV, 26, ITHI)

ENDIF

C COMPUTE DELIVERED THRUST

THR = AMAXI ( 0.0 , THRV - AEXIT*PRESS

C RESOLVE DELIVERED THRUST FROM GIMBAL TO BODY COORDINATES

FX = THR*COS(DLP)*COS(DLY)
FY = THR*SIN(DLY)
FZ - THR*SIN(DLP)*COS(DLY)

C INCORPORATE THRUSTER MISALIGNMENTS

FXT = FX*THRMA(1) + FY*THRMA(4) + FZ*THRMA(7)
FYT = FX*THRMA(2) + FY*THRMA(5) + FZ*THRMA(8)
FZT = FX*THRMA(3) + FY*THRMA(6) + FZ*THRMA(9)

C CALCULATE THE MOMENTS DUE TO THRUST

MXT FYT*CG(3) - FZT*CG(2)
MYT = - FXT*CG(3) + FZT*(CG(l) - XNOZ)
MZT = FXT*CG(2) - FYT*(CG(l) - XNOZ)

C CALCULATE MASS EXPULSION RATE

MDOTT = THRV/EISP

ELSE

FXT = 0.0
FYT = 0.0
FZT = 0.0
MXT = 0.0
MYT = 0.0
MZT = 0.0
MDOTT = 0.0
THR = 0.0
THRV = 0.0

ENDIF

RETURN
END

FILE: uuv22.19g/sutility/uubxi2fv.for

C -----------------------------------------------------------------------
SUBROUTINE BXI2FV ( FVM, B, FV )

C- -----------------------------------------------------------------------
C
C SUBROUTINE NAME : BXI2FV
C
C AUTHOR(S) : W. E. EXELY
C
C FUNCTION : COMPUTE QUATERNION (FV) ATTITUDE PARAMETERS
C FROM A BODY TO INERTIAL TRANSFORMATION
C MATRIX (B) AND SET THE SQUARE OF MAGNITUDE
C OF QUATERNION TO (FVM)
C
C CALLED FROM : FORTRAN MAIN
C
c SUBROUTINES CALLED : NONE
C
C INPUTS : FVM,B
C
C OUTPUTS : FV
C
C UPDATES : D. SMITH - CR # 59
C
C -----------------------------------------------------------------------
C
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IMPLICIT REAL (A-H)
IMPLICIT REAL (O-Z)

C
DIMENSION B ( 9 ), FV( 4)

C
EQUIVALENCE ( T3 , Q ),( B1 AA

DATA F4, F2, P25, P0001 / 4., 2., 0.25, 0.0001

DATA F1, F0 / 1., 0.
C

T3 = P25
CI

Al = B(6) - B(8)

A2 = B(7) - B(3)
A3 = B(2) - B(4)

C

C TRA =B(1) + B(5) + B(9) + F1

IF C TRA .LT. P0001 ) GO TO 100
C

FV(4) = SQRT(T3*TRA)
T3 = T3/FV(4) i
FV(1) = T3*A1
FV(2) - T3*A2
FV(3) = T3*A3
GO TO 200

100 CONTINUE

C
C SETUP FOR ILL-CONDITION ... TRA = 0 (LT .0001)
C

IFLAG - 0

TRA = F2 - TRA
B1 = T3*( B(1) + B(1) + TRA
IF BI .LT. FO ) B1 = FO
FV(1) - SQRT( Bi )

IF( FV(1) .NE. F ) IFLAG = 1

C
B1 = T3( B(5) + B(5) + TRA
IF BI .LT. F0 ) B1 = FO
FV(2) - SQRT( B1 )

IF( IFLAG .EQ. 1 ) FV(2) = SIGN (FV(2), B(2)+B(4)
C

B1 T3*( B(9) + B(9) T TRA
IF B1 .LT. F ) B1 = FO
FV(3) - SQRT( B1

C
IF( IFLAG .EQ. 1 ) FV(3) = SIGN ( FV(3), B(3)+B(7)

C
IF( IFLAG .EQ. 1 ) GO TO 110
IF( FV(2) .NE. F ) FV(3) = SIGN (FV(3), B(6)+B(8)

110 CONTINUE
C

AA - FO
FV(4) - FO
Q - FO

C
IF( FV(1) .EQ. FO ) GO TO 120
Q = F4
AA - AA + Al/FV(1) U

120 CONTINUE
C

IF( FV(2) .EQ. FO ) GO TO 140
Q = Q + F4
AA = AA + A2/FV(2)

140 CONTINUE
C

IF( FV(3) .EQ. FO ) GO TO 160
Q = Q + F4
AA = AA + A3/FV(3)

160 CONTINUE
C

IF( Q .NE. F ) FV(4) = AA/Q
C

200 CONTINUECI
C RE-NORMALIZE QUATERNION

C i
I
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Q = SQRT ( FV(1)**2 + FV(2)*2 + FV(3)**2 + FV(4)**2
IF( Q .EQ. F0 ) GO TO 500
Q = FVM/Q

C
FV(1) = Q*FV(1)
FV(2) = Q*FV(2)
FV(3) = Q*FV(3)
FV(4) = Q*FV(4)

C
500 CONTINUE

C
RETURN
END

FILE: uuv22.19g/sutility/uucorvel.for

C -----------------------------------------------------------------------
SUBROUTINE CORVEL(T,MVR,VTT,RMIR,VMIR,VTTP,VG,VS,MVS,UVS,VC,DLV,

TFFE, TTFE)
C----- ------------------------------------------------------------------
C
C SUBROUTINE NAME CORVEL
C
C AUTHOR(S) : N.K. DOUBLEDAY, L. C. HECK
C
C FUNCTION : CALCULATES THE CORRELATED VELOCITY
C
C CALLED FROM : FORTRAN MAIN
C
C SUBROUTINES CALLED NONE
C
C INPUTS : T,MVR,VTT,RMIR,VMIR
C
C OUTPUTS : VS,MVS,UVS,VC,DLV,TFFE,TTFE
C
C BOTH : VTTP,VG
C
C UPDATES : T. THORNTON - CR # 025
C 0. SMITH - CR # 013
C B. HILL - CR # 030
C T. THORNTON - CR # 033
C T. THORNTON - CR # 042
C T. THORNTON - CR # 043
C T. THORNTON - CR # 044
C U. SMITH - CR # 059
C D. SMITF - CR # 072
C B. HILL - CAk # 081
C R. RHYNE
C B. HILL - CR # 093
C
C -----------------------------------------------------------------------

IMPLICIT REAL (A-H)
IMPLICIT REAL (O-Z)

REAL DLV(3) , MDVT , MRB
REAL MRT , MTMPV , MVCE
REAL MVR , MVS , MVSE
REAL RMIR(3)
REAL RB(3) RTPRED(3)
REAL TMPV(3) URB(3) , URT(3)
REAL UTHP(3) UTMPV(3) , UVS(3)
REAL VC(3) VCE(3)
REAL VDO(3) VG(3) , VGE(3)
REAL VMIR(3) VPHI(3) , VS(3)
REAL VSE(3) VTT(3) , VTTP(3)

C LOCAL DATA USED FOR CONSTANTS, VARIABLES AND INITIALIZATION FLAG

SAVE ICORV

DATA INITIALIZATION
SINCLUDE('^/INCLUDE/SSCON39.DAT

'
)

$INCLUDE('^/INCLUDE/SSCON42.DAT')
$INCLUDE('^/INCLUDE/SSCON43.DAT')
$INCLUDE('^/INCLUDE/SSCON23.DAT')

DATA ICORV / I
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IF (ICORV .EQ. 1) THEN

ICORV = 0

IF (T .EQ. 0.0) THEN
ILOOP = 50

ELSEI
ILOOP = 1

ENDIF
ELSE

ILOOP = 1

ENDIF

C ESTIMATE VELOCITY TO BE GAINED (VGE) *CORRELATED VELOCITY (VCE)
C AND STEERING VELOCITY (VSE)

DO 13 I=1,3I
DLV(I) = VTT(I) - VTTP (I)
VGE(I) = VG(I) - DLV(I)
VCE(I) = VGE(Il + VMIR(I)
VSE(I) - VGE(I) - VDO(I)

VTTP(I) = VTT(I)a

MVSE = SORT (VSE(1)**2 + VSE(2)**2 + VSE(3)--2
MDVT - SQRT (DLV(I)**2 + DLVt2)**2 + DLV(3)**2

C CALCULATE POSITION BIAS SCALE FACTORI

IF ( MVSE.GT.MVR ) THEN
SCALE3 = MVR/MVSE

ELSEI

SCALAR = F2 * MVR *SCALE3 ICF1 + MDVT

C CALCULATE OFFSET POSITION VECTORU

IF ( T.GE.TSTG2 ) THEN
RB(1) - RMIR(1)
RB(2) = RMIR(2)

RB(3) = RMIR(3)

RB(1) = RMIR(1) + SCALAR*VSE (1)
RB(2) = RMIR(2) + SCALAR*VSE(2)
RB(3) = RMIR(3) + SCALAR*VSE(3)

END IFI

DO 30 1 = 1, ILOOP

C COMPUTE UNIT VECTORS3

MRB SORT (RB(1)**2 + RB(2)**2 + RB(3)*-2)
URE(i) = RB(1)/MRB
URB(2) = RB(2)/MRB
URB (3) =RB (3) /MRB

MRT - SQRT(RTPRED(1)**2 + RTPRED(2)**2 + RTFRED(3)**2)
URT(1 = RTPRED(1)/MRT
URT(2) - RTPRED(2)/MRT
URT(3) = RTPRED(3)/M.RT

TMPV(1) -URB(2i'URT(3) - URB(3)*URT(2)
TMPV(2) = URB(3)*URT(1) - URB(1)*URT(3)
TMPV(3) - URB(1)*URT(2) - URB(2)*URT(l)

MTMPV - SQRT(TMPV(1)**2 + TMPV(2)**2 + TMPV(3)**2)

UTMPV(1) = TMPV(1)/MTMPV
UTMPV(2) = TMPV(2)/MTMPV
UTMPV(3) = TMPV(3)/MTMPV

UTHP(1) = UTMPV(2)*URB(3) - UTMPV(3)*URB(2)I
UTHP(2) - UTMPV(3)*URB(l) - UTMPV)1)*URB(3)
UTHP(3) = UTMPV(1)*URB(2) - UTMPV(2)*URB(1)

C ESTIMATE HORIZONTAL AND RADIAL COMPONENTS OF VC

VHC - VCE(1)*UTHP(l) + VCE(2)*UTHP(2) +VCE(3)*UTHP(3)I
VCR = VCE(1)*UR3(1) + VCE(2)*URB(2) + VCE(3)*URB(3)



19. Appendix N: EXOSIM 2.0 (End-to-end) 151

C COMPUTE SIN AND COS OF RANGE ANGLE

VPHI(1) =URB(2)*URT(3) - URB(3)*URT(2)
VPHI(2) = URB(3)*URT(l) - URB(1)*URT(3)
VPHI(3) = URB(1)*URT(2) - URB(2)*URT(l)

SINPHI = SORT ( VPHI(1)**2 + VPHI(2)**2 + VPHI(3)*-2
COSPHI = URB(1)*URT(l) + URB(2)*URT(2) + URB(3)*URT(3)

C COMPUTE INTERMEDIATE VARIABLES

MVCE = SORT CVCE(1)**2 + VCE(2)**2 + VCE (3)**2

w = VHC/MRB
EL = MRB VHC2 / GNU
AR = MRB/MRT
TP1 = MVCE**2 * MRB /GNU
HHH = EL *SINPHI**2 C2.0 -TP1

SQRrCHH = SORT ( HHH)

C COMPUTE TINE OF FLIGHT ESTIMATE

Ti = EL * SINPHI /CHHH *w
T2A = (1.0 -EL) AR + 1.0 AR*EL
T2B = C2.0*EL - 1.0 - 1.0/AR C COSPHI
T2 = T2A +T2B
T3 - 2.0 *EL**2 *SINPHI**3 W * HHH *SQRHHH

T4A = SQRHHH
T4B = EL + AR*EL + COSPHI - 1.0
T4 = ATAN2C T4A , T4B
TFFE = Tl*T2 + T3*T4

C ESTIMATE TOTAL TIME OF FLIGHT

TTFE = T + TFFE

C COMPUTE TIME OF FREE FALL AND TIME OF FLIGHT ERROR

TFF = TTF -T
DELTF = TFF - TFFE

C COMPUTE PARTIAL OF TFF W/RESPECT TO VC

A = 2.0 * ( AR -COSPHI C/SINPHI + ( VCR /VHC
B = A*VCR - VHC
C = B *MRB/GMU
D = C * EL SINPHI**2
E = D + HHH/VHC
PARHV = E * 2.0

PART1V = (1.0/VHC - PARHV/HHH )'Ti
PART2V = C2.0*EL/VHC )C ( 2.0*COSPHI -(1.0±AR**2)/AR

PART3V = (1.0/VHC - t'ARHV/(2.0*HHH) C*3.0 *T3

SUBEQI = CEL + AR*EL + COSPHI - 1.0 C VHC *PARHV
SUBEQ2 = 4.0 *HHH *EL *( 1.0 + AR
SUBEQ3 = ( EL + AR*EL + CDSPHI-1.0 )**2 + HHH
SUBEQ4 = 2.0 *SQRHHH * VHC

PART4V =( SUBEQ1 - SUBEQ2 C/CSUBEQ3 *SUBEQ4
PTFFV = T1*PART2V + T2*PARTlV + T3*PART4V + T4*PART3V

VCOPI( = VHC + DELTF/PTFFV

C COMPUTE CORRELATED VELOCITY VECTOR

C HIT EQUATION FOR RADIAL COMPONENT OF VCP

VCRPK = VCDPK/CEL*SINPHIC 1.0 - AR*EL - (1.0-EL)*COSPHI

C COMPUTE VC,VG,VS

Do 20 1 1 , 3
VC(J) VCRPK*URB(J) + VCOPK*UTHPiJ)
VG(J) =VC(J) - VMIRiJC
VS(J) =VG(J) - VDO(J)

20 CONTINUE

30 CONTINUE

MVS - SQRT(VS(1C**2 + VS(2)**2 +VSC3)**2)
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UVS(l) = VS(l)/MVS
UVS(2) = VS(2)/MVS iUVS (3) = VS (3) /MVS

RETURN
END

FILE: uuv22.19g/sutility/uucw87.for

subroutine cw87 3
integer*2 icw87
call stcw87(icw87)
icw87 = icw87 .and. #ff7ah
call ldcw87(icw87)

endI

FILE: uuv22.19g/sutility/uufracs.for

C -----------------------------------------------------------------------
SUBROUTINE FRACS(T, DLPC,DLYC,VCMD,VLVCM5)

C------------------------------------------------------------------------------

C SUBROUTINE NAME : FRACS

C
C AUTHOR(S) : DAVID F. SMITH
C
C FUNCTION : GENERATE THRUSTER VALVE COMMANDSCl
C CALLED FROM : FORTRAN MAIN
C
C SUBROUTINES CALLED : TABLE
C

C INPUTS : T,DLPC,DLYC
C

c- UPDATES : B. HILL - CR # 008
C B. HILL - CR # 022
C T. THORNTON - CR # 026
C B. HILL - CR # 030
C T. THORNTON - CR # 037
C B. HILL - CR # 038
C B. HILL - CR # 046
C B. HILL - CR # 054
C D. SMITH - CR # 059

C D. SISSOM - CR # 069
C D. SMITH - CR 4 072
C B. HILL / - CR # 081
C R. RHYNE
C B. HILL - CR # 086

C D. SMITH - CR # 092
C B. HILL - CR # 093

C------------------------------------------------------------------------------

IMPLICIT REAL (A-H)
IMPLICIT REAL (O-Z)

REAL VCMD(4) 3
INTEGER VLVCM5

" DATA INITIALIZATION
SINCLUDE(W^/INCLUDE/SSCON49.DAT ')
SINCLUDE('^/INCLUDE/SSCON51.DAT

'
)

C DETERMINE PITCH PLANE VALVE COMMANDS

IF ( DLPC.GE.DELON ) THEN I
VCMD(2) - 0.0i
VCMD(4) = DTFRU*DLPC

ELSEIF ( DTPC.TT.DELCN .AND. DLPC.GT.-DELON ) THEN
VCMD(2) = 0.0
VCMD(4) = 0.0

ELSEIF ( DLPC.LE.-DELON ) THEN
VCMD(2) = DTFRU*ABS(DLPC)
VCMD(4) = 0.0 I

I
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ENDIF

C DETERMINE YAW PLANE VALVE COMMANDS

IF ( DLYC.GE.DELON ) THEN
VCMD(1) = 0.0
VCMD(3) = DTFRU*DLYC

ELSEIF ! DLYC.LT.DELCN .AND. DLYC.GT.-DELON ) THEN
VCMD(l) = 0.0
VCMD(3) = 0.0

ELSEIF ( DLYC.LE.-DELON ) THEN
VCMD(1) = DTFRU*ABS(DLYC)
VCMD(3) = 0.0

ENDIF

C UPDATE TOTAL NUMBER OF CYCLES THAT THE VALVES ARE ON

DO 10 I - 1 , 4
IF ( VCMD(I).NE.0.0 ) THEN

VLVCM5 = VLVCM5 + 1
ENDIF

10 CONTINUE

RETURN
END

FILE: uuv22.19g/sutility/uufrcthr.for

C -----------------------------------------------------------------------
SUBROUTINE FRCTHR(T,CG,MACH, QA,VCMD,VCMDL, DTOFF, TFTAB, IFTAB,

TOSEED,TBRK, TMF, THF, LENF,FRCX,FRCY,FRCZ,MRCX,
MRCY,MRCZ,MDOTF,ATHRF,KN,KM, FOFFI,FOFF2)

C- -----------------------------------------------------------------------
C
C SUBROUTINE NAME : FRCTHR
C
C AUTHOR(b . K. S. BOGAN, D. C. FOREMAN
C
C FUNCTION : COMPUTES FORCES AND MOMENTS RESULTING FROM
C THE FORWARD REACTION CONTROL THRUSTERS
C
C CALLED FROM : FORTRAN MAIN
C
C SUBROUTINES CALLED : NONE
C
C INPUTS : T,CG,MACH,QA,VCMD,VCMDL,DTOFF,TFTAB
C
C OUTPUTS : FRCX,FRCY,FRCZ,MRCX,MRCY,MRCZ,MDOTF,ATHRF,
C KN,KM,FOFFI,FOFF2
C
C BOTH : IFTAB,TOSEED,TBRK,TMF,THF,LENF
C
C UPDATES : B. HILL - CR # 008
C B. HILL - CR # 022
C T. THORNTON - CR # 026
C B. HILL - CR # 030
C B. HILL - CR # 038
C B. HILL - CR # 046
C D. SMITH - CR # 059
C D. SISSOM - CR # 061
C D. SISSOM - CR # 069
C D. SMITH - CR # 072
C D. SMITH - CR # 076
C D. SMITH - CR C 080
C B. HILL / - CR C 081
C R. RHYNE
C D. SMITH - CR # 082
C R. RHYNE - CR # 084
C B. HILL - CR # 086
C R. RHYNE - CR # 087
C B. HILL - CR # 089
C D. SMITH - CR C 092
C B. HILL - Cr4 0Q3
c
C -----------------------------------------------------------------------

IMPLICIT REAL (A-H)
IMPLICIT REAL (O-Z)
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REAL FRCDIR(3,4) *FRCLOC(3,4) *FRCMA(9,4)

REAL CC(3) *FO(3) ,VCMDL(4)

REAL F(3) ,XMOM(3) M (3)
REAL MRCX *MRCY *MRCZ

REAL MACH ,MCHLIM *KN

REAL KM ,LD ,MDOTF

REAL FISP ,TMF(8,.4) THF(8,4)I
REAL ATHRF(4) ,KNFAC ,DTOFF(4)

REAL KMFAC *FOFF1(4) ,FOFF2(4)

REAL VCMD(4)

INTEGER INDX(4) *LENF(4)I

INTEGER VCOD(4)

C LOCAL DATA USED FOR CONSTANTS, VARIABLES AND INITIALIZATION FLAGI

SAVE IFRCTH

DATA INITIALIZATION
SINCLUDE ( '/INCLUDE/SSFRCTHR.DAT')
$INCLUDE(C'V/INCLUDE/SSCONO1 .DAT')I
SINCLUOE('^/INCLUDE/SSCON17.DAT')
SINCLUDE C '/INCLUDE/SSCON22 .DAT*)
SINCLUDE C * /INCLUDE/SSCON23.DAT-)
SINCLUDE ( '/INCLUDE/SSCON3D .DAT*)
$INCLUDE C "/INCLUDE/SSCON32.DAT-)U
$INCLUDE C' /INCLUDE/SSCON33 .DAT')

$INCLUDE('/INCLUDE/SSCON49.DAT-)

SINCLUDE C * /INCLUDE/SSCON51 .DAT')
$INCLUDE('^/INCLUDE/SSCON52.DAT')

DATA IFRCTH / 1 / I
IF ( IFRCTH.EQ.1 ) THEN

IFRCTH = 01

IF (T .LT. TFRCS+EPSL) THEN

C FRACS MISALIGNMENT DIRECTIONS
C FOFFi - CONE ANGLE OFF NORMAL

C FOFF2 - POLAR ANGLE

CALL NORMCSDTHR,D.O,TOSEED,FOFF1C1fl
CALL NORM (SDTHR,0.C,TOSEED,FOFF1 (2))
CALL NC,R(SDTHR,0.0,TOSEED,FOFF1 (3))

CALL NORM(SDTHR,0.0,TOSEED,FOFF1 C4))U

FOFF2(1) = 2.0-PI*R.ANO(TOSEED)
FOFF2(2) = 2.0*PI*RANO(TOSEED)
FOFF2(3) = 2.0*PI*RAN0(TOSEED)

FOFF2(4) = 2.0*PI*RANO(TOSEED)I

ENDIF

C FRACS THRUSTER MISALIGNMENT MATRIX3

DO 10 I 1 , 4
CFOFF1 = COS (FOFFi CI))
SFOFFI = SINCFOFF1(I))

CFOFF2 - COS(FOFF2(I))

SFOFF2 - SIN(FOFF2CI))I
FRCMA(1,I) - CFOFF1
FRCMA(2,I) = SFOFF1*CFOFF2
FRCMA(3,I) = SFOFF1-SFOFF2
FRCMA(4,I) = SFOFF1-SFOFF2

FRCMA(5,I) = CFOFF1
FRCMA(6,I) = SFOFF1*CFOFF2
FRCMA ',I) = SFOFF1*CFOFF2
FRCMAC8,I) = SFOFF1*SFOFF2
FRCMA(9,I) = CFOFF1

10 CONTINUEI

ENDIF

C REINITIALIZE FORCES AND MOMENTS EACH PASS THROUGH

rRCX = 0.0I
FRCY - 0.0
FRCZ = 0.0
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MRCX = 0.0

MRCY = 0.0
MRCZ = 0.0
MDOTF = 0.0

IF (T .LT. TSTG2) THEN

C CALCULATE JET INTERACTION AMPLIFICATION FACTORS

IF ( T.LE.TSTGI ) THEN
LD = ( XJET - XNOZ1 )/DJET

ELSE
LD = C XJET - XNOZ2 )/DJET

ENDIF

CT = THJET/( QA*SJET

C FORCE COEFFICIENT

IF ( MACH.LE.MCHLIM ) THEN
KN = 0.6118 + (0.1358*(I.-0.485*SQRT(LD))/SQRT(CT))

+ 0.0946*MACH + 0.004317/LD
ELSE

KN = 1.0 + EXP(1.1 - 0.2116*(ALOG(CT)+8.5)**1.4)
ENDIF

C MOMENT COEFFICIENT

KM = 0.5582 - 0.1884/SQRT(CT) - 1.9659/LD

IF ( IFTAB.EQ.1 ) THEN

ifle i,'TAB assignment was moved to the partition with FRACS
IFTAB = 0

C LOOP ON EACH VALVE

DO 20 I = 1 , 4

C INITIALIZE TEMPORARY TABLE LOOKUP POINTER TO ZERO

ITMP = 0

C VALVE COMMAND IS OFF

IF ( VCMD(I).EQ.0.0 ) THEN

C VALVE WAS SHUT DURING CYCLE JUST ENDED

IF ( LENF(I).EQ.0 ) THEN

C VALVE WAS OPEN DURING CYCLE JUST ENDED

ELSEIF ( LENF(I).GT.0 ) THEN

C VALVE IS CURRENTLY SHUT

IF ( TFTAB.GE.TMF(LENF(I),I) ) THEN
LENF(I) = 0

C VALVE IS CURRENTLY OPEN

ELSEIF ( TFTAB.LT.TMF(LENF(I),I) ) THEN

C VALVE IS RAMPING SHUT

IF ( TFTAB.GE.TMF(LENF(I)-I,I) ) THEN
CALL TABLE(TMF(1,I),THF(I,I),TFTAB,TMPI,

LENF(I) , ITMP)
TMF(1,I) = TFTAB
TMF(2,I) = TMF(LENF(I),I)
THF(l,I) = TMPI
THF(2,I) = 0.0
LENF(I) = 2

C VALVE IS WIDE OPEN

ELSEIF ( TFTAb.Li.LMF(LNr1i-i,i) ) iHEN
TMF(l,I) = TFTAB
TMF(2,I) = TMF(LENF(I)-1,I)
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TMF!3,1) = TMF(LENF(I),I)I
THF(2,I) = 1.0
THF(3,I) =0.0

LENF(I) =3
ENDIF

ENDIF

ENDIF

C VALVE IS COMMANDED OPENI

ELSEIF ( VCMD(I).GT.0.0 ) THEN
FTN286 X415 OPTIMIZE(3)

99999 CONTINUF

C VALVE WAS SHUT DURING CYCLE JUST ENDED

IF ( LENF(I).EQ.D ) THEN
VCMD(I) = 0.OD1*ANINT(VCMD(I)/0.OC1)
TMF(1,I) = TFTAB
TMF(2,I) = TMF(1,I) + TLAGFR
TMF(3,I) = TMF(2,I) + TRUPFR
TMF(4,I) = TMF(2,I) + VCMD (I)
TMF(5,I) =TMF(4,I) + TRDNFR
THF(1,I) = 0.0

THF(2,I) = 0.D0
THF(3,I) = 1.0

THF(5,I) = D.D
LENF(I) = 5

C VALVE WAS OPEN DURING CYCLE JUST ENDED

ELSEIF ( LENF(I).GT.D ) THEN

C VALVE IS CURRENTLY SHUT3

IF ( TFTAB.GE.TMF(LENF(I),I) )THEN
VCMD(I) =0.OD1*ANINT(VCMD(I)/0.001)

TMF(1,I) =TFTAB

TMFC2,I) =TMF(1,I) + TLAGFR
TMF(3,I) TMF(2,I) + VCMD(I)
TMF(3.I) =TMF(2,I) + TRUPFR)
TMF(5,I) =TMF(4,I) + TRDNFR
THF(1,I) =0.0

THF(2,I) =0.0

THF(3,I) =1.01

THF(4,I) 1 .0

LENF(I) =5

C VALVE IS CURRENTLY OPEN5

ELSEIF ( TFTAB.LT.TMF(LENF(I),I) CTHEN

C VALVE WILL BE SHU2 AT REISSUE TIME

IF ( TFTAB+TLAGFR.GE.TMF(LENF(I),I) )THEN

C VALVE IS RAMPING SHUT NOW

IF ( TFTAB.GT.TMF(LENF(I)-l,I) ) THENI
TMP1 = TMF(LENFCI),I) - TFTAB
VLVRES = 0.5*TMP1**2/TRDNFR
VCMD(I) = VCMD(I) - VLVRES

CALL TABLE(TMF(1,i) ,THF(1,I),TFTAB,TMP1,

LENF (I),ITMP)

C ISSUE A NEW COMMAND IF THRESHOLD IS
C REACHED

IF ( VCMD(I).GE.DELON'DTFRU CTHEN
VCMD CI) = AMIN1 ( DTFRU VCMD Ci)
VCMD(I) = 0.001*ANINT(VCMDCI)/

0.001)

TMFC1,I) = TE'TAB
TMF(2,I) = TMFCLENFC:),I)I
TMF(3,It) = TMF (1.1) + TLAGFR
TMF(4,I) = TMF(3,I) + TRUPFR
TMF(5,I) = TMF(3,I) + VCMD(I)
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TMF(6,I) = TMF(5,I) , TRDNFR
THF(1,I) = TMPI
THF(2,I) = 0.0
THF(3,I) = 0.0
THF(4,I) = 1.0
THF(5,I) = 1.0
THF(6,I) =0.0
LENF(I) = 6

C NO NEW COMMAND IS ISSUED IF THRESHOLD IS
C NOT REACHED

ELSEIF ( VCMD(I).LT.DELON*DTFRU )THEN
TMF (1,I1) = TFTAB
TMF(2,I) =TMF(LENF(I),I)
THF(1,I) =TMP1
THF(2,I) = 0.0
LENF(I) = 2

ENDIF

C VALVE IS WIDE OPEN NOW

ELSEIF ( TFTAB.LE.'IMF(LENF(I)-1,I) )THEN
VLVRES = TMF(LENFI)-l,I) - TFTAB

+ 0.5*TRDNFR
VCMD(I) = VCMD(I) - VLVRES

C ISSUE A NEW COMMAND IF THRESHOLD IS
C REACHED

IF ( VCMD(I).GE.DELON*DTFRU )THEN
VCMD(I) = AMINi ( DTFRU VCMD(I)
VCMD(I) = 0.OO1-ANINT(VCMD(I)/

0.001)
TMF(1,I) = TFTAB
TMF(2,I) = TMF(LENF(I)-1,i)
TMF(3,I) = TMF(LENF(I),I)
TMF(4,I) = TMF(1,I) + TLAGFR
TMF(5,I) = TMF('i,I) + TRUPFR
TMF(6,I) = Y.F(4,I) + VCMD(I)
TMF(7,I) = TMF(6,I) + TRDNFR
THF(1,I) = 1.0
THF(2,I) = 1.0
THF(3,I) = 0.0
THF(4,I) = 0.0
THF(5,I) = 1.0
THF(6,I) = 1.0
THF(7,I) = 0.0
LENF(I) = 7

C NO NEW COMMAND IS ISSUED IF THRESHOLD IS
C NOT REACHED

ELSEIF ( VCMD(I).LT.DELON-DTFRU )THEN
TMF(1,I) = TFTAB
TMF(2,I) = TMF(LENr-(!)-1,1,
TMF(3,I) = TMF(LENF(I),I)
THF(1,I) = 1.0
THF(2,I) = 1.0
THF(3,I) = 0.0
LENF(I) = 3

ENDIF

END IF

C VALVE WILL BE OPEN AT REISSUE TIME

ELSEIF ( TFTAB+TLAGFR.LT.TMF(LENF(I),I) )THEN

C VALVE WILL BE RAMPING SHUT AT RE17SUE TIME

IF ( TFTAB+TLAGFR.GT.TMF(LENF(I)-1,I) ) THEN
VLVRES = TMF(LENF(l)-1,I) - TFTAB

+ 0.5*TRDNFR
VCMD(I) = VCMD(I) - VLVRES

C ISSUE COHMAND ONLY IF DESIRED DURATION
C EXCEEDS RAMP INTERVAL

IF ( VCMD(I).GE.TRUPFR ) THEN
CALL TABLE.(TMF(14I),THF(1JL)TFTAB,
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TMP1, LENF (I), ITMP)
VCMD(I) = AMINI ( DTFRU , VCMD(I)
VCMD(I) = 0.001*ANINT(VCMD(I)/

0.001)

TMF(1,I) = TFTAB
TMF(2,t) = TMF(LENF(I)-l,I)
TMF(3,I) = TMF(1,I) + TLAGFRI
TMF(4,I) = TMF(3,I) + TMF(3,I)

TMF'(2,1)
TMF(5,I) = TMF(3,I) + VCMD(I)

TMF(6,I) =TMF(5,I) + TRUNFR

THF(1,I) = 1.0I

THF(3,I) = TMP.
THF(4,I) = 1.0
THF(5,I) = 1.0

THF(6,I) = 0.0I

C NO NEW COMMAND IS ISSUED IF THRESHOLD IS
C NOT REACHED

ELSEIF ( VCMD(I).LT.TRUPFR )THEN
TMF(1,I) = TFTAB
TMF(2,I) = TMF(LENF(I)-l,I)
TMF(3,I) = TMF(LENF(I),I)

THF(1,I) = 1.0I
THF(3,I) = 0.0

LENFtI) = 3
ENDIF

C VALVE WILL BE WIDE OPEN AT REISSUE TIME

ELSEIF(TFTAB+TLAGFR.LE.TMF(LENF(I)-1,I)) THEN

C COMPARE REMAINING NORMALIZED IMPULSE WITH
CREQUESTED NORMALIZED IMPULSE TO SEE IF NEW1

C COMMAND SHOULD BE ISSUED

VLVRES = TMF(LENF(I)-1,I) - TFTAB

+ 0.5*TRDNFR

VCMD(I) = VCMD(I) - VLVRESI

C REVISE VALVE SHUT TIME IF ADDITIONAL
C IMPULSE IS REQUIRED

*FTN286 X415 OPTIMIZE(3) I CDI.TO0 TE

99998 CONTINUE
VCMO(T) =,AMIN1 CDTFRU , VCMD(I)
VCMD(I) = 0.001-ANINT(VCMD(I)/

0.001)I
TMF(1,I) = IFTAB
TMF(2,I) = TMF(LENF(I)-1,I) + VCMD(I)
TMF(3,I) =TMF(LENF(I),I) + VCMD(I)
THF(1,I) = 1.0

THF(2,I) = 1.0I
THF(3,I) = 0.0
LENF(I) = 3

C NO NEW COMMAND IS ISSUED IF ADDITIONAL

C IMPULSE IS NOT REQUIREDI

ELSEIF ( VCMO(I).LE.0.0 ) THEN
TMF(1,1) = TF7AB
TMF(2,I) = TMF(LENF(I)-1,i)
TMF(3,I) = TMF(LENF(I),IC
THFC1,I) = 1.0

THF(3,I) = 0.0
LENF(I) = 3

ENDIF ENDII
END IF

ENDIF

ENDIF
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ENDIF

20 CONTINUE

I END IF

C DETERMINE TABLE LOCKUP REFERENCE TIME

jTREF = T

C CALCULATE CURRENr THRUST LEVELS FOR EACH VALVE

DO 40 I 1 , 4

C COMPUTE INSTANTANEOUS NORMALIZED THRUST LEVEL VIA TABLE
C LOCKUP IF FRACS CYCLE IS SCHEDULED FOR THIS THRUSTER. ALSO

C EXTRAPOLATE TIME OF NEXT FRACS TABLE LOCKUP INDEX TRANSITION.

IF ( LENF(I).GT.0 ) THEN

CALL TABLE(TMF(1,I),THF(1,I),TREF,ATHRF(I),LENF(I),

ELSE
ATHRF(I) = 0.0

INDX(I) = 0I ENDIF
C CALCULATE THE FORCES AND MOMENTS PRODUCED BY THE FRACS
C THRUSTERS:
C F(I) IS THE FORCE ALONG THE Ith AXIS , ADJUSTED

C ~ FOR MISALIGNMENT.
c XMOM(I) IS THE EFFECTIVE MOMENT ARM.
C THE MOMENT GENERATED IS ( F x XMOM

DO 3D J =1 *3

FO,, FRCDIR(J,I)-KN-KNFAC-THJETATHRF(I)
XMWMI) CG(J) - FRCLOC(J,I)

30 CONTT':JE

C THRUSTER MISALICNMENT EFFECTSIF(l) =FD(1)*FRPCMA(1,I) +, FO(2)*FRCNA(4,I) +
F0(3)*FRCMA(7,I)

F(2) = FD(1)*FRCMA(2,I) + FD(2)*FRCMA(5,I) +
FO (3)-FRCMA (8, I)

F(3) =FD(1)*FRCMA(3,I) + FO(2)*FRCtMA(6,I) +

FO (3) *FRCMA (9, I)

M(l) = F(2)*XMOM(3) - F(3)*XMOM(2)
M(2) = F(3)*XMOM(1) - F(1(*XMOM(3)
M(3) = F(1)*XMOM(2) - F(2)*XMOM(l)IC SUM FORCES AND MOMENTS OF ALL THRUSTERS

FRCX =FRCX + F(l)

FRCY = FRCY +F(2)
FRCZ = 7RCZ + F(3)
MRCX =MRCX + M(l)
MRCY = MRCY -M(2)
MRCZ = MRCZ + M(3)

IF ( I.EQ.1 .OR. I.EQ.3 ) THEN

MRCY = MRCY + FRCDIR(3,1)*THJETKM'KMFAC*DJE-T,
ATHRF (I)

ELSE
MRCZ = MRCZ - F:ZcD:R(2,:)*THJET*KM*KMFAC*DJE:,7

ENDIF ATHRF (I)

MDOTF = MDCTF - THjET*ATHR7(I)/FISP

40 CONTINUE

ENDIF
RETURN
END

FIE Iu 2 .,93sr41 y ujv o1 o
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SUBROUTINE FVDOT ( W, WD, F, FOD
C------------------------------------------------------------------------------
C
C SUBROUTINE NAME FVDOT
C
C AUTHOR(S) W. E. EXELYI
C
C FUNCTION :COMPUTE THE QUATERNION DERIVATIVES (FD)
C USING BODY RATES k'W) AND LATENT INTEGRAL
C DERIVATIVE (WD) AND THE QUATERNION (F)
CI
C CALLED FROM FORTRAN MAIN, MISSIL

C
C SUBROUTINES CALLED NONE
C

CC INPUTS W,WD,FI

C OUTPUTS FD
C
C UPDATES :D. SMITH - CR # 59

CC
C

IMPLICIT REAL (A-H)
IMPLICIT REAL (O-Z)

DIMENSION W(3), F(4), FD(4)
C

Wi = W(1)
W2 = W(2)

W3 = W(3)I

F1 = F(1)
F2 - F(2)

F3 = F(3)

F4 = F(4)I

FD(1) - W4*F1 + W1*F4 - W2*F3 + W3*F2 ) 0.5
FD(2) = ( 4*F2 + W1*F3 + W2*F4 - W3*F1 *0.5
FD(3) = CW4*F3 - W1*F2 + W2*F1 + W3*F4 )*0.5
FD(4) - W4*F4 - W1*F1 - W2*F2 - W3*F3 )*0.5

RETURN
END

FILE: uuv22.19g/sutility/uugyro.forU

C------------------------------------------------------------------------------
SUBROUTINE GYRO(T,P,Q,R,CIM,GYSEED,QFRACG,PULSEG)

CC ----------------------------------------------------------------
I

C SUBROUTINE NAME : GYRO
C
C AUTHOR(S) :A. P. BUXLEY, M. K. DOUBLEDAY
CI
C FUNCTION :GYRO MODEL COMPUTES SENSED DELTA ANGLE
C COUNTS. INCLUDES AXIS MISALIGNMENT AND
C NONORTHOGONALITY ERRORS, SCALE FACTOR
C ERRORS,RANDOM AND CONSTANT DRIFT, AND

C QUANTIZATION.
C

C CALLED FROM :FORTRAN MAIN
C

C SUBROUTINES CALLED :NORM,BRTAVG,RESP2PI

C INPU' : T,P,Q,R,CIM
C
C OUTPUTS :NONE

C BOTH :GYSEED,QF.RACG,PULSEG
C
C UPDATES :T. THORNTON - CR #004

ITHORNTON - CR # 016
CB. HILL - CR # 020

C 0 SMITH - CR # 021I
C B. HILL - CR 4022
C B. HILL - CR # 030
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C B . HILL - CR # 038
C D0. SMITH - CR # 059
C 0 . SISSOM - CR # 069
C D. SMITH - CR # 070
C 0. SMITH - CR # 075
C D. SMITH - CR # 077
C D. SMITH - CR # 078
C B. HILL / - CR # 081
C R. RHYNE
C R. RHYNE - CR # 083
C R. RHYNE - CR * 084
C R. RHYNE - CR # 087
C B. HILL - CR # 093
C
C------------------------------------------------------------------------------

IMPLICIT REAL (A-H)
IMPLICIT REAL (O-Z)

REAL CIM(9) *CIMO(9) ,DCG(3)

REAL DTHET(3) ,PULSEG(3) ,PQRAVG(3)

REAL QFRACG(3) ,SF1G(3) ,SF2G(3)

REAL SFEG(3) ,WBIO(3)

REAL WBI1(3) ,WB12(3) ,WBOO(3)

REAL WBOI(3) *WB02(3) ,WDRG(3)

INTEGER*4 GYSEED

C LOCAL DATA USED FOR CONSTANTS, VARIABLES AND INITIALIZATION FLAG

SAVE IGYRO

DATA INITIALIZATION
SINCLUDE ('^/INCLUDE/SSGYRO.DAT-)
SINCLUDEC ^/INCLUDE/SSCON16.DAT')
$INCLUDE(*^/INCLUDE/SSCON21.DAT')
$INCLUDE('^/INCLUDE/SSCON53.DAT')

DATA IGYRO / 1 /

IF (IGYRO .EQ. 1) THEN

IGYRO = 0

C INITIALIZE GYRO PARAMETERS

IF (T .EQ. 0.0) THEN
DRSIGG = DRSGGI/ (60.0*SQRT )DTIMU)*DTR)
CALL NORM(ALNSGG,ALNMNG,GYSEED,PSIG)
CALL NORM (ALNSGG,ALNMNG, GYSEED, THTG)
CALL NORM (ALNSGG, ALNMNG, GYSEED, PHIG)
CALL NORM (AORSGG. AORMNG, GYSEED, THXZG)
CALL NORM (AORSGG, AORMNG, GYSEED, THXYG)
CALL NORM (AORSGG, AORMNG, GYSEED, THYZG)
CALL NORM (AORSGG, AORMNG, GYSEED, THYXG)
CALL NORM (AORSGG, AORMNG, GYSEED, THZYG)
CALL NORM (AORSGG, AORMNG, GYSEED, THZXG)
CALL NORM(SF1SGG,SF1MNG,GYSEED,SFlG(l))
CALL NORM(SF1SGG,SF1MNG,GYSEED,SF1G(2))
CALL NORM(SFlSGG,SF1MNG,GYSEED,SFlG(3))
CALL NORM(SF2SGG,SF2MNG,GYSEED,SF2G(1))
CALL NORM (SF2SGG, SF2MNG, GYSEED, SF2G (2))
CALL NORM(SF2SGG,SF2MNG,GYSEED,SF2G(3))
CALL NORM(DCSIGG,DCMENG,GYSEED,DCG(1l
CALL NORM(DCSIGG,DCMENG,GYSEED,DCG()n
CALL NORM(DCSIGG, DCMENG,GYSEED, OCO(3))
DO 10 1 = 1,3

WB12(I) = 0.0
WBI1(i) = 0.0
WB02(I) = 0.0
WBO1(I) = 0.0

10 CONTINUE
ENDIF

C COMPUTE SECOND ORDER RESPONSE DIFFERENCE EQUATION COEFFICIENTS

IF ( IGRTYP.EQ.2 ) THEN
CALL RESP2R ( DTIMU,WGYR,ZC YR,CWBI2,CWBDM,CWBIO,CWBO2,CWBOI ,

CWBOO
END IF
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ENDIF 1
C COMPUTE DELTA TIME SINCE LAST PASS THROUGH GYRO

DTDEL = T - TOGYRO
TOGYRO - T I

C DETERMINE AVERAGE BODY RATE OVER LAST INTERVAL

IF ( DTDEL.NE.0.0 ) rHEN

CALL BRTAVG ( CIM , CIMO , DTDEL , PQRAVG
ELSE

PQRAVG(1) = P
PQRAVG(2) = QPQRAVG(3)=R

ENDIF

C SAVE INERTIAL-TO-MISSILE ROTATION MATRIX FOR NEXT PASS

DO 20 I = 1 , 9

CIMO(I) CIM(I)
20 CONTINUE I

C GYRO AXIS MISALIGNMENT EFFECTS

PM = PQRAVG(1) + PQRAVG(2)*PSIG - PQRAVG(3)*THTG
QM = PQRAVG(2) - PQRAVG(1)*PSIG + PQRAVG(3)*PHIG I
RM - PQRAVG(3) + PQRAVG(1)-THTG - PQRAVG(2)*PHIG

C GYRO AXIS NONORTHOGONALITY EFFECTS

PN - PM + QM*THXZG - RM*THXYG
QN - QM - PM*THYZG + RM*THYXG
RN = RM + PM*THZYG - QM*THZXG

C ADD LINEAR AND QUADRATIC SCALE FACTOR ERRORS

SFEG(1) = PN + SFIG(1)*PN + SF2G(1)*PN**2
SFEG(2) = QN + SFlG(2)*QN + SF2G(2)*QN**2
SFEG(3) = RN + SFIG(3)*RN + SF2G(3)*RN**2

C FOR EACH AXIS ... I
DO 30 I = 1.3

C MAKE A GAUSSIAN DRAW FOR RANDOM DRIFT AND ADD TO CONSTANT
C DRIFT 3

IF ( DRSIGG.GT.0.0 ) THEN
CALL NORM(DRSIGG, DRMENG, GYSEED, DRG)

ENDIF

WDRG(I) - DRG + DCG(I) U
C COMPUTE INPUT TO GYRO RESPONSE MODEL

WBIO(I) - SFEG(I) + WDRG(I)

C SECOND ORDER RESPONSE MODEL

IF ( IGRTYP.EQ.2 ) THEN
WBO0(I) = (CWBIO*WBI0(I) + CWBI1WBTT H

+ CWBI2*WBI2(I) - CWBOI*WBOI(I) I
- CWBO2*WBO2(I) )/CWBOO

WBI2(I) = WBI1(I)
WBI1(I) = WBIO(I)
WBO2(I) = WBO1(I)
WBO1(I) = WBOO(I)

ENDIF

C INSTANTANEOUS RESPONSE MODEL

IF ( IGRTYP.EQ.0 ) THEN
WBOG(I) = WBIO(I)

ENDIF

C COMPUTE DELTA THETA

DTHET(I) = DTDEL * WBOO(I)

IF ( SPPG.GT.O.0 ) THEN I
I
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C UNQUANTIZED OUTPUT IN COUNTS

QFRACG(I) = QFRACOC ,- - iuLSEG(:, &T 
7
i''X

C QUANTIZED OUTPUT IN COUNTS

PULSEG(I) = AINT(QFRACG(I))
ELSE

PULSEG(I) = DTHET(I)
ENDIF

30 CONTINUE

RETURN
END

FILE: uuv22.19g/sutility/uuinteg.for

C------------------------------------------------------------------------------
SUBROUTINE INTEG ( X , XDOT , T , I)

C------------------------------------------------------------------------------
C
C SUBROUTINE NAME : INTEG
C
C AUTHOR(S) D. F. SMITH
C
C FUNCTION :Perform simple trapezoidal integration of
C XDOT to yield X. DTD is the time since
C the last integration and I is the array
C index where X is stored
C
C CALLED FROM :FORTRAN MAIN
C
C SUBROUTINES CALLED NONE
C
C INPUTS :XDOT,T,I
C
C OUTPUTS X
C
C UPDATES D. SISSOM - CR # 58
C D. SMITH - CR #59
C
C------------------------------------------------------------------------------
C

COMMON/STORAG/ XINT, TINT, XDOTL
REAL XINT(50), TINT(50), XDOTL(50)
REAL DT, DTMP, X
REAL XDOT, T

DT = T - TINT(I)

XINT(I) = XINT(I) + 0.5*DT*(XDOTt+XDOTL(I))
X - XINT(I)

TINT(I) = T

XDOTL(I) = XDOT

C TEMPORARY CODE TO Nr)RMALIZE QUATERNION AFTER 4TH COMPONENT IS REVISED

IF ( I.EQ.18 ) THEN
DTMP =SQRT ( XINT(l5)*-2 + XINT(16)'*2 + XINT(17)**2 +

XINT(18)*-2
XINT(15) = XINT(15) / DTMP
XINT(16) = XINT(16) / DTMP
XINT(17) = XINT(l7) / DTMP
XINT(18) = XINT(18) / DTMP

END IF

RETURN
END

FILE: uuv22.19q/sutility/uuintegi.for

C------------------------------------------------------------------------------
SUBROUTINE INTEGI ( X , XDOT , 7 , I

C------------------------------------------------------------------------------
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C SUBROUTINE NAME : INTEGI3

C
C AUTHOR(S) D . F. SMITH
C
C FUNCTION :Initialize integral of X which is stored

C in position I of the integral arrayI
C
C CALLED FROM :MAIN
C
C SUBROUTINES CALLED NONE
CI
C INPUTS X,XDOT,T.I

C
C OUTPUTS NONE
C

C UPDATES 0 . SISSOM - CR # 58
C D. SMITH - CR # 59

C------------------------------------------------------------------------------

COMMON/STORAG/ XINT, TINT, XDOTLI
REAL XINT(50), TINT(50), XDOTL(501
REAL X, T, XDOT

XINT(I) = X

XDOTL(I) - XDOTI

RETURN
END3

FILE: uuv22.19g/sutility/uum3x3i.for

C---------------- ----- -- -- ------------------------------
SUBROUTINE M3X31 ( A B B

C---------------------------------------------------------------------------------------
C
C SUBROUTINE NAME : M3X31
C

C AUTHOR(S) D . F. SMITHI

C FUNCTION :Compute the inverse of a 3 by 3 matrix
C
C CALLED FROM :UTILITY ROUTINE
CI
C SUBROUTINES CALLED :NONE
C
C INPUTS :A
C

C OUTPUTS :BI

C UPDATES :NONE
C

C----------------------------------------------- ---- -----

IMPLICIT REAL (A-H)
IMPLICIT REAL (O-Z)

REAL A(3,3), :;.3, 3)

DET - A(1,l)*A(2.,2)*A(3,3) - A(l..l)*A(2,3)*A(3,2)I
+ +A(1,2)*A(2,3)*A(3,l) - A(1,2)*A(2,1)-A(3,3)

* + A(1,3)*A(2,1)*A(3,2) - A(1,3)-A(2,2)*A(3,1)

IF ( DET.NE.D.O ) THEN
B(l,l) = (A(2,2)*A(3,3) - A(2,3)*A(3,2) C/DET
B(2,1) = (A(2,3)*A(3,l) - A(2,7 *A(3,3) )/DET
B(3,1) - A(2,l)*A(3,2) - A(2,z )*A(3,1) C/DET
B(1,2) = CA(l,3)*A(3,2) - A(1,.2)*A(3,3) C/DET
B(2,2) = (A(l,l)*A(3,3) - A(1,3C*A(3,1) C/DET
B(3,2) = CA(l,2)*A(3,lC - A(l,lC*A(3,2C) /DETI
B(1,3) =(A(1,2)A(2,3) - A(i,3)A(2,2) C DET
B(2,3) = C ,C1,3)*A(2,lC - A(l,1C*A2,3) C DET
B(3,3) = (A(l,1C*A(2,2) - AC1,2)*AC2,I) ) DET

ELSE
B(l,l) = 0.0£
B(2,1) = 0.0
B(3,1) = 0.0
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B(1,2) = 0.0
B(2,2) = 0.0
B(3,2) = 0.0
B(1,3) = 0.0
B(2,3) = 0.0
B(3,3) = 0.0

END IF

RETURN
END

FILE: uuv22.19g/sutility/uumcguid.for

C -----------------------------------------------------------------------
SUBROUTINE MCGUID(T,TI2M,VG, URREL,MASS,IDIST,MIDBRN,MAGR,MAGV,SP,

SQ, SR,PITER,YAWER, FLIP, IVCS, ICMD, IDMEAS, IDPASS,
IDROP, IMCEND, IBURND, IBURNM,VGM,ADISTT, ROLLER,
TMGUID)

C------------------------------------------------------------------------------
C
C SUBROUTINE NAME : MCGUID
C
C AUTHOR : R. RHYNE
C
C FUNCTION DEFINES ROLL ERROR, SEQUENCES MIDCOURSE
C EVENTS, AND ENABLES MIDCOURSE DIVERTS
C
C CALLED FROM FORTRAN MAIN
C
C SUBROUTINES CALLED : NONE
C
C INPUTS : T,TI2M,VG,URREL,MASS,IDIST,MIDBRN,MAGR,
C MAGV, SP,SQ, SRPITER, YAWER, FLIP,ICMD
C
C OUTPUTS : IDMEAS, IDPASS, IMCEND, IBURND, IBURNM,VGM,
C ADISTT,ROLLER, TMGUID
C
C BOTH IDROP
C
C UPDATES : B. HILL / - CR # 081
C R. RHYNE
C R. RHYNE - CR # 083
C R. RHYNE - CR # 084
C R. RHYNE - CR # 087
C R. RHYNE - CR # 090
C B. HILL - CR # 093
C
C -----------------------------------------------------------------------

IMPLICIT REAL (A-H)
IMPLICIT REAL (O-Z)

REAL TI2M(9) , VG(3) , URREL(3)
REAL MASS , MAGR , MAGV
REAL VGM(3) , ADISTT(4,3) , OMEGAO(3)
REAL VGP(3) , VGPM(3) , ACQRNG(4,4)
REAL RATE(6) , TRGSIG(4)
INTEGER ISEQ(4) , FLIP , SEKTYP
INTEGER BCKGRD

C LOCAL DATA USED FOR CONSTANTS AND INITIALIZATION FLAG

SAVE IMGUID

* DATA INITIALIZATION
$INCLUDE('^/INCLUDE/SSMCGUID.DAT')
$INCLUDE '^/INCLUDE/SSCON46.DAT')
$INCLUDE('^/INCLUDE/SSCON48.DAT')
SINCLUDE ('/INCLUDE/SSCON50.DAT)
$INCLUDE('^/INCLUDE/SSCON55.DAT')
SINCLUDE ('^/INCLUDE/SSCON60.DAT')
SINCLUDE('^/INCLUDE/SSCON61.DAT')
$INCLUDE ('^/INCLUDE/SSCON62.DAT')
$INCLUDE('^/INCLUDE/SSCON01.DAT')
$INCLUDE'^/INCLUDE/SSCON04.DAT')
$INCLUDE( '^/INCLUDE/SSCON05.DAT')
$INCLUDE('^/INCLUDE/SSCON09.DAT')
$INCLUDE('^/INCLUDE/SSCON12.DAT')
$INCLUDE('^/INCLUDE/SSCON13.DAT')
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$INCLUDE('^/INCLUDE/SSCON17.DAT')

DATA IMGUID / 1 /

IF ( IMGUID .EQ. 1 ) THEN
IMGUID = 0
IF ( SEKTYP.EQ.2 ) THEN

TSIG = TRGSIG(ITRGSG)
TSGACQ = TSIG
RAQREF = ACQRNG(BCKGRD,ITRGSG)
RNGAQ = SQRT((TSGACQ/TSIG)-(6.0/SNRACQ)-

ELSE IF ( SEKTYP.EQ.3 ) THEN(SORT(1./RATE(1))))*RAQREF

RNGAQ = ACQR3
ELSE

RNGAQ = RNGACQ
ENDIF

ENDIF

C GET VG IN BODY FRAME

VGM(1) - TI2M(1)*VG(1) + TI2M(4)*VG(2) + TI2M(7)*VG(3) 3
VGM(2) - TI2M(2)*VG(1) + TI2M(5)*VG(2) + TI2M(8)*VG(3)
VGM(3) - TI2M(3)*VG(1) + TI2M(6)*VG(2) + TI2M(9)*VG(3)

C CALCULATE ROLL ERROR IF KV REORIENTATION AND UPLINK HAVE OCCURRED

IF ( FLIP.EQ.0 .AND. T.GE.TUPLK1 .AND. IMCEND.EQ.0 ) THEN

VGDLOS - URREL(1)*VG(1) + URREL(2)*VG(2) + URREL(3)*VG(3)

C DETERMINE PERPENDICULAR COMPONENT OF VG 3
VGP(1) = VG(1) - VGDLOS*URREL(l)
VGP(2) = VG(2) - VGDLOS*URREL(2)
VGP(3) = VG(3) - VGDLOS*URREL(3)

C GET VGP IN BODY FRAME

VGPM(1) = TI2M(1)'VGP(1) + TI2M(4)*VGP(2) + TI2M(7)*VGP(3)
VGPM(2) = TI2M(2)*VGP(1) + TI2M(5)*VGP(2) + TI2M(8)*VGP(3)
VGPMt3) = TI2M(3)*VGP(1) + TI2M(6)*VGP(2) + TI2M(9)*VGP(3)

IF ( VGPM(3).NE.0.0 ) THEN
RERR = -ATAN2(VGPM(2),VGPM(3))

ELSE
P102 = PI/2.
RERR = -SIGN(PIO2,X)

ENDIF

C ESTIMATE REQUIRED DIVERT DURATION

ACM = FLATM/MASS
TBURNY = ABS(VGPM(2)/ACM)
TBURNZ - ABS(VGPM(3)/ACM)
TBURN = AMAX1(TBURNY,TBURNZ)

C BYPASS MAJOR ROLL CORRECTION IF BURN TIME ALONG EITHER 3
C AXIS IS BELOW VCS BURN THRESHOLD

IF ( TBURN.LT.TCMINV .AND. ICMD.EQ.0 ) THEN
ROLLER - 0.
IVCS = 0

ELSE IF ( ABS(TBURNY).LT.TCMINV .AND. ICMD.EQ.0 ) THEN
ROLLER = 0.
IF ( VGPM(3) .GT. 0. ) THEN

IVCS = 4
ELSE

IVCS = 2
ENDIF

ELSE IF ( ABS(TBURNZ).LT.TCMINV .AND. ICMD.EQ.0 ) THEN
DMITPR = 0.

IF ( VGPM(2) .GT. 0. ) THEN
IVCS = 3

ELSE
IVCS = 1

ENDIF

C DEFINE ROLL ERROR TO ALIGN VGPM WITH NEAREST VCS THRUSTER

ELSE IF ( ICMD .EQ. 0 ) THEN I
I
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IF ( ABS(RERR) .LE. PI/4. ) THEN
ROLLER = RERR
IVCS = 4

ELSE IF ( RERR .LE. -3.-PI/4. ) THEN
ROLLER = PI + RERR
IVCS = 2

ELSE IF ( RERR .GE. 3.*PI/4. ) THEN
ROLLER = RERR - PI
IVCS = 2

ELSE IF ( RERR.LT.3.*PI/4. RERR.GT.PI/4. ) THEN
ROLLER = RERR - PI/2.
IVCS = 1

ELSE
ROLLER = RERR + PI/2.
IVCS = 3

ENDIF

C IF ATTITUDE CORRECTION IN PROGRESS, USE SAME
C ROLL ERROR CALCULATION

ELSE
IF ( IVCS .EQ. 1 ) THEN

ROLLER = RERR - PI/2.
ELSE IF ( IVCS .EQ. 2 ) THEN

IF ( RERR .LT. 0. ) THEN
ROLLER = PI + RERR

ELSE
ROLLER = RERR - PI

ENDIt
ELSE IF ( IVCS .EQ. 3 ) THEN

ROLLER = RERR + PI/2.
ELSE

ROLLER = RERR
ENDIF

ENDIF

ELSE

C ZERO ROLL ERROR IF PITCHOVER AND FIRST UPLINK HAVE NOT OCCURRED

ROLLER = 0.

ENDIF

IF ( IDMEAS.EQ.0 .AND. ICMD.EQ.0 .AND. ABS(PITER).LE.CATHL
.AND. ABS(YAWER).LE.CAPSL .AND. (IGIT.EQ.0 .OR.

(IGIT.EQ.1 .AND. T.GE.TDROP)) ) THEN

C ENTER DISTURBANCE MEASUREMENT MODE

CALL OUTMES(0801,T,0.0)
IDMEAS = 2

ENDIF

IF ( IDMEAS.EQ.2 .AND. ABS(SP).LE.CRPHL .AND. ABS(SQ).LE.CRTH
.AND. ABS(SR).LE.CRPS .AND. ICMD.EQ.0 ) THEN

IF ( IDPASS .EQ. 0 ) THEN

C DEFINE VCS DISTURBANCE SEQUENCE

IF ( ABS(VGM(2)) .GE. ABS(VGM(3)) ) THEN
INDEXY = 1
INDEXZ = 3

ELSE
INDEXY = 3
INDEXZ = 1

ENDIF
IF ( VGM(2) .GE. 0. ) THEN

ISEQ(INDEXY) = 3
ISEQ(INDEXY+I) = 1

ELSE
ISEQ(INDEXY) = 1
ISEQ(INDEXY+I) = 3

ENDIF
IF ( VGM(3) .GE. 0. ) THEN

ISEQ(INDEXZ) = 4
ISEQ(INDEXZ+I) = 2

ELSE
ISEQOINDEXZ) = 2
ISEQ(INDEXZ 1) = 4
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ENDIF
IDPASS = 3

ENDIF

IF ( IBURNO .EQ. 0 ) THEN I
C DROP BOOST ADAPTER AND NOSE FAIRING PRIOR TO FIRST
C DISTURBANCE BURN - IF EVENT DRIVEN LOGIC, SCHEDULE
C SEPARATION HERE - OTHERWISE, SEPARATION WILL OCCUR
C AT T-TDROP IN MAIN ROUTINE

IF ( IDROP.EQ.0 .AND. IGIT.EQ.0 ) THEN I
IDROP = 1

ELSE

C DEFINE Ith DISTURBANCE BURN i
IBURND = 1
IBURNM = 0
TVCOMP = T + TLAGV + TBURND + TRDNV + TIWAIT
IVCS - ISEQ(IDPASS)
OMEGAO(1) = SP I
OMEGA0(2) = SQ

OMEGAO(3) = SR
ENDIF

ELSE IF ( T .GT. TVCOMP ) THEN 3
C COMPUTE ANGULAR ACCEL INDUCED BY PREVIOUS DISTURBANCE BURN

IBURND = 0
ADIST'r(ISEQ(IDPASS),i) = (SP - OMEGA0(1))/TBURND
ADISTT(ISEQ(IDFASS)i2) = (SQ - OMEGAO(2))/TBURND
ADISTT(ISEQ(IDPASS),3) = (SR - OMEGAO(3))/TBURND
IDPASS = IDPASS + 1
TVCOMP = 1000.
IF ( IDPASS .GT. 4 ) THEN

IDMEAS = 1
CALL OUTMES(0802,T,0.0)

ENDIF
ENDIF

ENDIF

C ENABLE SEEKER AFTER PITCHOVER AND DISTURBANCE
C MEASUREMENT COMPLETED

IF ( ABS(PITER).LE.CATH .AND. ABS(YAWER).LE.CAPS
.AND. ABS(SQ).LE.CRTH .AND. ABS(SR).LE.CRPS
.AND. FLIP.EQ.I .AND. IDMEAS.EQ.1 ) THEN

C ENABLE SEEKER (TYPES 0,1,&2) IF EVENT DRIVEN LOGIC -
C OTHERWISE WILL BE ENABLED BY MAIN ROUTINE AT SECOND
C STAGE SEPARATION - SEEKER TYPE 3 HANDLED BELOW -
C TYPE 3 ENABLED BY MAIN ROUTINE AT T=TSK3ON IF EVENT

C LOGIC NOT USED

FLIP = 0
CALL OUTMES(0803,T,0.0) m

ENDIF

C DEFINE THREE MIDCOURSE DIVERTS

IF ( ABS(ROLLER).LE.CAPH .AND. ABS(SP).LE.CRPH I
.AND. ICMD.EQ.0 .AND. T.GT.TUPLKI ) THFN

DELMID = ( MAGR - RNGAQ )/MAGV
IF ( ICMD.EQ.0 .AND. MIDBRN.EQ.0 ) THEN

IBURNM = 0
IMIDB2 = 1

ELSE IF ( IDIST.EQ.0 .AND. MIDBRN.EQ.1 .AND. IMIDB2.EQ.1 THEN
TMIDB2 = T + 0.5*DELMID
IMIDB2 - 0

ELSE IF ( T.GE.TMIDB2 .AND. MIDBRN.EQ.1 ) THEN
IBURNM - 0

ELSE IF ( IDIST.EQ.0 .AND. MIDBRN.EQ.2 ) THEN
TMAX = TBURN + TBWAIT
IF ( DELMID .LE. TMAX+DTMCU ) THEN

IBURNM = 0
ROLLER = 0.
IMCEND = 1

ENDIF
ENDIF I
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ENDIF

C COMPUTE TIME OF NEXT CALL

TMGUID = T + DTMCU - EPSL

RETURN
END

FILE: uuv22.19g/sutility/uumisslr.for

C -----------------------------------------------------------------------
SUBROUTINE MISSLR(T,QUAT,CIM,P,Q,R,IXX,IYY,IZZ,MASS,FXA,FXT,

FRCX, FXACS, FXVCS,
MXA,MXT,MRCX,MXACS,MXVCS,
MYA, MYT, MRCY, MYACS,MYVCS,MZA, MZT,MRCZ,MZACS,
MZVCS,X,Y,Z,PD,QD,RD,
MX,MY, MZ,
QUATD)

C ----------------------------------------------------------------------------
C
C SUBROUTINE NAME : MISSILR
C
C AUTHOR(S) D. C. FOREMAN, A. P. BUKLEY
C
C FUNCTION : COMPUTES THE ROTATIONAL MISSILE ACCELERATIONS
C
C CALLED FROM : FORTRAN MAIN
C
C SUBROUTINES CALLED : FVDOT
C
C INPUTS T,QUAT,CIM,P,Q,R,IXX,IYY,IZZ,MASS,FXA,
C FXT,FRCX,FXACS,FXVCS,

MXA,MXT,
C MRCX,MXACS,MXVCS,MYAMYT,MRCY,MYACS,MYVCS,
C V7A,MZT,MRCZ,MZACS,MZVCS,X,Y,Z,
C
C OUTPUTS : PD, QD, RD, MX, MY, MZ,
C QUATD
C
C UPDATES : D. SISSOM - CR # 011
C T. THORNTON - CR # 012
C T. THORNTON - CR # 018
C B. HILL - CR # 030
C T. THORNTON - CR # 031
C T. THORNTON - CR # 033
C T. THORNTON - CR # 035
C T. THORNTON - CR # 037
C T. THORNTON - CR # 049
C T. THORNTON - CR # 050
C D. SMITH - CR # 059
C D. SMITH - CR # 060
C B. HILL - CR # 062
C D. SMITH - CR # 076
C R. RHYNE - CR # 079
C B. HILL / - CR # 081
C R. RHYNE
C R. RHYNE - CR # 087
C B. HILL - CR # 093
C
C -----------------------------------------------------------------------

IMPLICIT REAL (A-H)
IMPLICIT REAL (O-Z)

REAL CTM(9) CMI(9) GB(3)
PFAL GR(3) IXX IYY
REAL IZZ MASS MGR
REAL MRCX MRCY MRCZ
REAL MX MXA MXACS
REAL MXT MXVCS MXYZ
REAL MXYZDD MY MYA
REAL MYACS MYT MYVCS
REAL MZ MZA MZACS
REAL MZT MZVCS PQR(3)
REAL QUAT(4) QUATD(4) UXYZ(3)
REAL UXYZDD(3) XYZLCH(3)
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C LOCAL DATA USED FOR CONSTANTS, VARIABLES AND INITIALIZATION FLAG1

SAVE IMISL

*DATA INITIALIZATION
$INCLUDE('^/INCLUDE/SSMISSIL.DAT)
$INCLUDE C' /INCLUDE/SSCON28.-DAT')I
$INCLUDE('^/INCLUDE/SSCON39.DAT')

$INCLUDE(C'"/INCLUDE/SSC0N63 .DAT')

DATA IMISL /1/

DATA NCLEAR /0/I

IF (IMISL .EQ. 1) THEN

IMISL = D

C COMPUTE MISSILE LAUNCH POSITION IN INERTIAL FRAME

CMI(l) = CINMi
CMI(2) - CIM(4)

CMI(3) - CIM(7)I

CMI(5) = CIMC5)
CMIC6) = CIM(8)

CMI(8) = CIM(G)

CMICS) = CIM(9)I

IF (T .EQ. 0.0) THEN
XYZLCH(l) = XLNCH*CMI~l) + RADE
XYZLCH(2) = XLNCH-CMI (2)
XYZLCH(3) = XLNCH*CMI(3)I

C DETERMINE initial GRAVITY VECTOR, just for seeing if we are still
an the ground later

MXYZ = SORT CX**2 + Y**2 + Z**2
MGR = GMU /MXYZ**2

IF ( MXYZ.GT.0.0 ) THEN

FTN286 X415 OPTIMIZE(3)
99999 CONTINUMEY

UXYZ(2) - Y / MXYZ
UXYZ(2) = Y / MXYZ

ELSEI

UXYZ(2) = 0.0
UXYZ(3) = 0.0

ENDIF5

C CALCULATE GRAVITY VECTOR IN INERTIAL AND BODY FRAMES

GRUl) = - MGR*UXYZ(l)
GR(2) = - MGR*UXYZ(2)

GR(3) = - MGR*UXYZ(3)

GB(l) = CIM(1)*GR(1) + CIM(4)*GR(2) +- CIM(7)*GR(3)
GB(2) - CIMC2)*GR(l) + CIM(5)*GR(2) + CIM(8)*GR(3)
GB(3) = CIM(3)*GR(1) + CIM(6)*GR(2) + CIM(9)*GR(3)

ENDIF

C CALCULATE TOTAL X FORCE, just to see if still on ground later

FX = FXT + FXA + FRCX + FXACS + FXVCS3

C CALCULATE TOTAL MOMENTS

Mx = MXA + MXT + MRCX + MXACS + MXVCS
MY = MYA + MYT + MRCY + MYACS + MYVCS

MZ = MZA +MZT + MRCZ + MZACS + MZVCS

C MISSILE CLEARED THE LAUNCHER

IF ( NCLEAR.EQ.1 ) THEN

PD = MX/IXX + Q*R*(IYY-IZZ)/IXX)
OD = MY/IYY + R*P*((IZZ-IXX)IIYY)

RD = MZ/IZZ + P*Q* ((IXX-:YY) /1ZZ)
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C MISSILE STILL ON GROUND

ELSE IF ( FX/MASS.LE.ABS(GB(1)) ) THEN
PD = 0.0
OD = 0.0
RD = 0.0

C MISSILE OFF GROUND BUT NOT CLEAR OF THE LAUNCHER

ELSE IF ( X.LE.XYZLCH(1) .AND. Y.LE.XYZLCH(2) .AND.
Z.LE.XYZLCH(3) ) THEN

PD = MX/IXX + Q-R*((IYY-IZZ)/IXX)
QD = 0.0
RD = 0.0

C MISSILE JUST NOW CLEARING LAUNCHER

ELSE
NCLEAR = 1
CALL OUTMES(0901,T,0.0)
PD = MX/IXX + Q*R*((IYY-IZZ)/IXX)
QD = MY/IYY + R*P*((IZZ-IXX)/IYY)
RD = lZ/IZZ + P*Q*((IXX-IYY)/IZZ)

ENDTF

C COMPUTE QUATERNION DERIVATIVES

PQR(1) = P
PQR(2) = Q
PQR(3) = R

TMPI = 0.0
CALL FVDOT(PQR, TMP1,QUAT,QUATD)

RETURN
END

FILE: uuv22.19g/sutility/uummk.for

C -----------------------------------------------------------------------
SUBROUTINE MMK(A,NAB,NBC,NC,RM)

C------------------------------------------------------------------------------
C
C SUBROUTINE NAME MMK
C
C AUTHOR(S) : J. SHEEHAN
C
C FUNCTION : GENERATES A DIRECTION COSINE MATRIX
C BY ROTATING IN ORDER:
C 1) ANGLE C ABOUT THE NC AXIS
C 2) ANGLE B ABOUT THE NB AXIS
C 3) ANGLE A ABOUT THE NA AXIS
C
C CALLED FROM : UTILITY SUBROUTINE
C
C SUBROUTINES CALLED : ROTMX, MMLXY
C
C INPUTS : A,NA,B,NB,C,NC
C
C OUTPUTS : RM
C
C UPDATES : D. SMITH - CR # 59
C
C------------------------------------------------------------------------------
C

IMPLICIT REAL (A-H)
IMPLICIT REAL (C Z)

C
DIMENSION AM(3,3), BM(3,3), CM(3,3), RM(3,3), T(9)

C
CALL ROTMX(A,NA,AM)
CALL ROTMX(B,NB,BM)
CALL ROTMX(C,NC,CM)

C
CALL MMLXY(BM,CM,T)
CALL MMLXY(AM,T,RM)

C
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RETURN I
END

FILE: uuv22.19g/sutility/uummlxy.for 3
C -----------------------------------------------------------------------

SUBROUTINE MMLXY(X,YZ)
C------------------------------------------------------------------------------
C
CC SUBROUTINE NAME : MMLXY I
c
C AUTHOR(S) : J. SHEEHAN
C
C FUNCTION : MULTIPLY TWO 3X3 MATRICES
C
C CALLED FROM : UTILITY SUBROUTINE

C
C SUBPOUTINES CALLED : NONE
C
C INPUTS X, Y
C
C OUTPUTS Z
C

C UPDATES :D. SMITH -CR # 59C|

IMPLICIT REAL (A-H)
IMPLICIT REAL (O-Z)

DIMENSION X(3,3), Y(3,3), Z(3,3)
C
C Z(I,J) = X(I,I)*Y(1,J) + X(I,2)-Y(2,J) + X(I,3)*Y(3,J)
C

Z(1,1) =X(I,I)*Y(I,1 + X(l,2)*v('2,!) + X(I,3)*Y(3,1)
Z(2,1) = X(2,1)*Y(l,l) + X(2,2)*Y(2,1) + X(2,3)*Y(3,1)Z(3,1) = X(3,1)*Y(lI I + X (3, 2) *Y(2,1) + X(3,3)*Y(3,1)
Z(1,2) =X(I,1)*Y(I 2) + X(I,2)*Y(2,2) + X(I,3)*Y(3,2)
Z(2,2) = X(2,1)*Y(1 2) + X(2,2)*Y(2,2) + X(2,3)*Y(3,2)
Z(3.2) = X(3,1)*Y(,2) + X(3,2)*Y(2,2) + X(3,3)*Y(3,2)
Z(1,3) = X(I,1)*Y(I 3) + X(I,2)*Y(2,3) + X(I,3)*Y(3,3)
Z(2,3) = X(2,1)*Y(I 3) + X(2,2)*Y(2,3) + X (2, 3) *Y(3, 3)
Z(3,3) = X(3,1)-Y(I 3) + X(3,2)*Y(2,3) + X(3,3)*Y(3,3)

C
RETURN
END

FILE: uuv22.19g/sutility/uuncu.for I
C ------------------------------------------------------------------------

SUBROUTINE NCU(DLP,DLY,CMMD,DLPD,DLYD)
C------------------------------------------------------------------------------
CC .. . . .. . .
C SUBROUTINE NAME : NCU
c
C AUTHOR(S) : T. THORNTON
C
C FUNCTION : MODELS THE RESPONSE OF THE NOZZLE
C CONTROL UNIT I
c
C CALLED FROM : FOR2RAN MAIN
C
C SUBROUTINES CALLED : NONE 3Cm
C INPUTS : DLP,DLY,CMMD
C
C OUTPUTS : DLPD,DLYD

C
C UPDATES 0. SMITH - CR # 040
C D. SMITH - CR # 059
C B. HILL I - CR # 081
C R. RHYNE

B. HILL - CR # 093
C I
C------------------------------------------------------------------------- ----

IMPLICIT REAL (A-H)

I
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REAL CMMD(2) KNCU

DATA INITIALIZATION
$INCLUDE('^/INCLUDE/SSCON64.DAT' )

C PITCH NOZZLE GIMBAL RESPONSE

DLPD = (CMMD(1) - KNCU*DLP)-OMEGAT

C YAW NOZZLE GIMBAL RESPZ..SE

DLYD = (CMMD(2) - KNCU*DLY)-OMEGAT

LIMIT GIMBAL RATES

TOTRAT = SQRT ( DLPDg'2 + DLYD*-2
IF TOTRAT.GT.RMAX ) THEN

DLPD = DLPD * RMAX / TOTRAT
DLYD = DLYD * RMAX / TOTRAT

END IF

RETURN
END

FILE: uuv22.19g/sutility/uunorm.for

C------------------------------------ ----------------------
SUBROUTINE NORM(SD,MN, ISEED,RDN)

C------------------------------------------------------------------------------
C
C SUBROUTINE NAME : NORM
C
C AUTHOR(S) : D. F. SMITH
C
C FUNCTION :GENERATES NORMALLY DISTRIBUTED RANDOM
C NUMBERS USING THE BOX-MULLER ].,7NSFnYRMATION
C

C CALLED FROM : UTILITY SUBROUTINE

C SUBROUTINES CALLEP : RAN0
C
C INPUTS : SD,MN
c

OUTPUTS : RDN
C
C BOTH : ISEED

C UPDATES : D. SMITH - CR 082
C R. RHYNE - CR k 08?
C

IMPLICIT REAL (A-H)

IMPLICIT REAL (O-Z)

REAL MN
!NTEGER-4 !SEED

SAVE GSET ISET
DA'A GSET/0./, :SET/0/

DATA ONE / .0 /
DATA TWO / 2.0 /

1, A SP-RE RANDCM N,'M3'R NOT AVA:LABLE FP'M TE ;- '.'I loS EAS,
GENERATE TA. W 4

r 
W ONES

IT EQ. THEN

GET TWO UN:FO7R .AY''M 'UMLE 3 WITO> TOE SITAEE :X'::v;
FROM -: T31 iN kAE S[ECfT>N}

VI 7.4 ..A......
V2 = TW' -

SEE, ~E'fE A RE W/T"OI'. -; :N: .
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R = V1*V1 + V2*V2
IF ( R.GE.ONE ) GO TO 1 I

C PERFORM BOX-MULLER TRANSFORMATION TO GENERATE TWO GAUSSIAN
C RANDOM NUMBERS . RETURN ONE AND SAVE THE OTHER FOR THE NEXT
C PASS . I

FAC = SQRT ( -TWO*ALOG(R)/R
GSET = FAC*V1
RDN = MN + SD*FAC*V2
ISET = I

C USE GAUSSIAN RANDOM NUMBER CARRIED OVER FROM PREVIOUS PASS

ELSE IF ( ISET.EQ.1 ) THEN
RDN = MN + SD*GSET
ISET = 0 I

ENDIF

RETURN
END

FILE: uuv22.19g/sutility/uuoutmes.for

SUBROUTINE OUTMES(N,T,ARG) I
INTEGER N
REAL T,ARG

$INCLUDE(':PFP:INCLUDE/TARGET.FOR')
CHARACTER*80 MESSAGE

C
C PROGRAM: MAIN (0101.. .0200)
C

IF ( N.EQ.0101 ) THEN
WRITE(MESSAGE,0101) T I

0101 FORMAT(IX,E16.9,' 1ST STAGE SEPARATION')
GO TO 99999

END IF

IF ( N.EQ.0102 ) THEN
WRITE(MESSAGE,0102) T

0102 FORMAT(IX, El6.9,' 2NO STAGE SEPARATION-)
GO TO 99999

END IF

IF ( N.EQ.0103 ) THEN
WRITE(MESSAGE,0103) T

0103 FORMAT(IX,E16.9,' DROP NOSE FAIRING AND BOOST ADAPTER-)
GO TO 99999

END IF

IF ( N.EQ.0104 ) THEN
WRITE(MESSAGE,0104) T,ARG

0104 FORMAT(1X,E16.9,1X,E16.9)
GO TO 99999 U

END IF

IF ( N.EQ.0105 ) THEN
WRITE(MESSAGE,0105) T,ARG

0105 FORMAT(lX,E16.9,' MISS = ',E16.9)
GO TO 99999 I

END IF

C SUBROUTINE: CMPINV (0201.. .0300)
C

IF ( N.EQ.0201 ) 7 EN
WRITE(MESSAGE, 0231)

0201 FORMAT(' MATRIX SIZE TOO .ARGE IN CMINY'

GO TO 99999
END IF

C SUBRO(TINE: 3DSCRT (3331.4331
C

IF ( N.EQ.03C1 ) THEN
WRITE(MESSAGE, 031) U

U
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0301 FORMAT(' SYSTEM ORDER TOO LARGE IN DISCRT')
GO TO 99999

END IF

IF ( N.EQ.0302 ) THEN
WRITE(MESSAGE, 0302)

0302 FORMAT(' SUITABLE CONVERGENCE WAS NOT REACHED IN DISCRT')
GO TO 99999

END IF

C
C SUBROUTINE: EIGVEC (0401... 0500)
C

IF ( N.EQ.0401 ) THEN
WRITE(MESSAGE, 0401)

0401 FORMAT(' MATRIX SIZE TOO LARGE IN EIGVEC')
GO TO 99999

END IF

C
C SUBROUTINE: HQR (0501... 0600)
C

IF ( N.EQ.0501 ) THEN
WRITE(MESSAGE, 0501)

0501 FORMAT(' TOO MANY ITERATIONS IN HQR')
GO TO 99999

END IF

C
C SUBROUTINE: KALMAN (0601.. .0700)
C

IF ( N.EQ.0601 ) THEN
WRITE(MESSAGE,0601) T

0601 FORMAT(IX,E16.9,' INITIATE ACQUISITION PHASE')
GO TO 99999

END IF

IF ( N.EQ.0602 ) THEN
WRITE(MESSAGE,0602) T

0602 FORMAT(IX,E16.9, INITIATE TRACK PHASE')
GO TO 99999

END IF

IF ( N.EQ.0603 ) THEN
WRITE(MESSAGE,0603) T

0603 FORMAT(IX,El6.9,' INITIATE TERMINAL PHASE')
GO TO 99999

END IF

IF ( N.EQ.0604 ) THEN
WRITE(MESSAGE,0604) T,ARG

0604 FORMAT(lXE16.9, ACQUISIT:ON MODE ENABLED: MAGRO = ',E16.9)
rO TO 99999

END IF

IF ( N.EQ.0605 ) THEN
WRITE(MESSAGE,0605) T,ARG

0605 FORMAT(IXE16.9,' TRACK MODE ENABLED: MAGRO ',E16.9)
GO TO 99999

END IF

IF ( N.EQ.0606 ) THEN
WRITE(MESSASE,0606) T,ARC

3606 FORMAT (!X E16.9, CO MODE ENABLED: MAGRD ,E!6.9)
30 TO 99)99

END IF

IF ( N.EQ.C607 ) THEN
WRITE(MESSAGE,0637) T,ARG

%6I7 FORMAT(IXF16.9, TERMINAL MODE ENABLED: Y AR ' ,16.9)
GO TO 99099

END IF

c FSD(:T NE: MATINV (I I1.. .j

IF (N.EQ.0701 ) THEN
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WRITE(MESSAGE, 0701) I
0701 FORMAT' MATRIX SIZE TOO LARGE IN MATINV')

GO TO 99999
END IF

CI
C SUBROUTINE: MCGUID (0801.. .0900)
C

IF ( N.EQ.0801 ) THEN
WRITE(MESSAGE,0801) T

0801 FORMAT(IX,E16.9,' KV PITCHOVER COMPLETE',
& ' - BEGIN DISTURBANCE MEASUREMENT')

GO TO 99999
END IF

IF ( N.EQ.0802 ) THEN
WRITE(MESSAGE,0802) T

0802 FORMAT(IX,E16.9,' DISTURBANCE MEASUREMENT COMPLETE',
& ' - ORIENT KV TO LOS')

GO TO 99999
END IF

IF ( N.EQ.0803 ) THEN
WRITE(MESSAGE,0803) T

0803 FORMAT(IX,E16.9,' KV ORIENTATION COMPLETE')
GO TO 99999 I

END IF

C
C SUBROUTINE: MISSIL (0901...1000) I

IF ( N.EQ.0901 ) THEN
WRITE(MESSAGE,0901) T

0901 FORMAT(IX,E16.9,' MISSILE HAS CLEARED THE LAUNCHER')
GO TO 99999 I

END IF

C SUBROUTINE: OPTSSC (1001.. .1100)
C

IF ( N.EQ.1001 ) THEN
WRITE(MESSAGE, 1001)

1001 FORMAT(' MAXIMUM NUMBER OF STATES EXCEEDED IN OPTSSC')
GO TO 99999 i

END IF

C
C SUBROUTINE: RAND (1101... .1200)

IF ( N.EQ.1101 ) THEN

WRITE(MESSAGE,1101)
1101 FORMAT(' RANDOM NUMBER OUT OF BOUNDS IN RAND')

GO TO 99999
LND IF

C

C SUBROUTINE: SEEKER (1201.. .1300)
C I

IF ( N.EQ.1201 ) THEN
WRITE(MESSAGE,1201) T

1201 FORMAT(1X,E16.9,' TRUE LOS ANGLE EXCEEDS FIELD-OF-VIEW LIMIT')
GO TO 99999 I

END IF

IF ( N.EQ.1202 ) THEN
WRITE(MESSAGE,1202) T

1202 FORMAT(1X,E16.9,' TARGET REACQUIRED')
END IF

rF ( N.EQ.1203 ) THEN
WRITE(MESSAGE,1203) T,ARG

1203 FORMAT(IX,E16.9, ' FRAME RATE C-HANGE: FRMRAT = ',EI6.3
GO TO 99999 I

END IF

I
I
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C
C SUBROUTINE: SSPLAG (1301... .1400)
C

IF ( N.EQ.1301 ) THEN
WRITE (MESSAGE. 1301)

1301 FORMAT(' BUFFER SIZE INSUFFICIENT IN SSPLAG-)
GO TO 99999

END IF

C
C SUBROUTINE: TARGET (1401... .1500)
C

IF ( N.EQ.1401 ) THEN
WRITE(MESSAGE,1401) T,ARG

1401 FORMAT(1X,E16.9.' TARGET RESOLVED: RANGE ',E16.9)
GO TO 99999

END IF

C
C SUBROUTINE: VCSLOG (1501 ... 1600)
C

IF ( N.EQ.1501 ) THEN
WRITE(MESSAGE,1501) T,ARG

1501 FORMAT(1X,E16.9, ' ISSUE MIDCOURSE DISTURBANCE BURN',
& I - VCS THRUSTER ',F2.0)

GO TO 99999
END IF

IF ( N.EQ.1502 ) THEN
WRITE (MESSAGE. 1502) T,ARG

1502 FORMAT(1XE16.9,' ISSUE MIDCOURSE BURN ',F2.0)
GO TO 99999

END IF

IF ( N.EQ.1503 ) THEN
WRITE(MESSAGE,1503) T,ARG

1503 FORMAT(1X,E16.9,' ISSUE MIDCOURSE BURN ',F2.0,
& '-BURN TIME BELOW THRESHOLD-)

GO TO 99999
END IF

IF ( N.EQ.1504 ) THEN
WRTTE(MESSAGE,1504) T

1504 FORMAT(IXE16.9,' ISSUE FIRST BURN-)
GO TO 99999

END IF

IF ( N.EQ.1505 ) THEN
WRITE (MESSAGE, 1505) T

1505 FORMAT(1X,E16.9,' ISSUE FIRST BURN'
& -BURN TIME BELOW THRESHOLD-)

GO TO 99999
END IF

IF ( N.EQ.1506 ) THEN
WRITE(MESSAGE,1506) T

1506 FORMAT(1X,E16.9,' ISSUE SECOND BURN')
GO TO 99999

END IF

IF ( N.EQ.1507 ) THEN
WRITE (MESSAGE, 1507) T

1507 FORMAT(1X,E16.9,' ISSUE SECOND BURN',
& '-BURN TIME BELOW THRESHOLD')

GO TO 99999
END IF

IF ( N.EQ.1508 ) THEN
WRITE(MESSAGE,1508) T

1508 FDRMAT(1X,E16.9,' ISSUE TH:'RD BDURN')
GO TO 99999

END IF

(N.EQ.1509 ) THEN
WRITE(MESSAGF,25C9)

1509 FORMAT CIX,E16. 9,' :s;E H:R:H'R'
& '-'?~N -:X- BELLW THPESHOLD')

GD TO 99999
END IF
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WRITE(MESSAGE, 0001) N
0001 FORMAT(' ERROR: MESSAGE NUMBER = ',4)

99999 CONTINUE I
CALL OUTPUTMESSAGE( %VAL(CHARACTER_08BIT), MESSAGE
CALL OUTPUTNL

RETURN
END

FILE: uuv22.19g/sutility/uuran.for

C------------------------------------------------------------------------------
REAL FUNCTION RAN(ISEED)

C------------------------------------------------------------------------------
C
C SUBROUTINE NAME : RAN
C
C AUTHOR(S) : D.F. SMITH
C
C FUNCTION GENERATES A UNIFORMLY DISTRIBUTED RANDOM
C NUMBER
C
C CALLED FROM : UTILITY SUBROUTINE
C
C SUBROUTINES CALLED : NONE
C
C INPUTS : NONE
C
C OUTPUTS : RAN
C
C BOTH : ISEED
C
C UPDATES : NONE

C
C -----------------------------------------------------------------------

INTEGER*4 ISEED

iseed = 69069*iseed + 1
ran - abs(float(iseed)/2147483647.0)
RETURN
END

FILE: uuv22.19g/s2;1 ity/uuran0.for

C------------------------------------------------------------------------------
REAL FUNCTION RANO(ISEED)

C------------------------------------------------------------------------------
C

C SUBROUTINE NAME : RANO

C AUTHOR(S) : 0.F. SMITH
C
C FUNCTION : GENERATES A UNIFORMLY DISTRIBUTED RANDOM
C NUMBER BETWEEN 0 AND 1 USING THE SYSTEM
C ROUTINE RAN(ISEED) . THE BUFFER IN COMMON
C BLOCK RANCOM IS INITIALIZED BY CALLING
C ROUTINE RANIT
C

C CALLED FROM UTILITY SUBROUTINE1
C SUBROUTINES CALLED : RAN
C
C IN2UTS : NONE
C
C OUTPUTS : RANO
C
C BOTH : ISEED
C
C UPDATES NONE
C
C------------------------------------------------------------------------------
C C . . . . . . .

cI
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IMPLICIT REAL (A-H)
IMPLICIT REAL (O-Z)

INTEGER*4 ISEED

COMMON / RANCOM / RANSEQ(97), RANLST

C USE PREVIOUSLY SAVED RANDOM NUMBER AS BUFFER INDEX AND MAKE
C SURE ARRAY BOUNDS ARE NOT EXCEEDED

J 1 + INT ( 97.0*RANLST
IF ( J.LT.1 .OR. J.GT.97 ) THEN

CALL OUTMES(1100,0.0,0.0)
END IF

C RETRIEVE RANDOM NUMBER FROM BUFFER FOR OUTPUT AND SAVE IT FOR
C USE AS AN INDEX ON THE NEXT PASS

RANLST = RANSEQ(J)
RAND = DBLE ( RANLST)
RAND = RANLST

C LOAD A NEW RANDOM NUMBER IN THE SLOT JUST VACATED

RANSEQ(J) = RAN ( ISEED

RETURN
END

FILE: uuv22.19g/sutility/uuranit.for

C -----------------------------------------------------------------------
SUBROUTINE RANIT ( ISEED )

C -----------------------------------------------------------------------
C
C SUBROUTINE NAME RANIT
C
C AUTHOR(S) D. F. SMITH
C
C FUNCTION : INITIALIZES A TABLE OF RANDOM NUMBERS FOR
C USE BY THE UNIFORM RANDOM GENERATOR RANG
C
C CALLED FROM : EXECUTIVE ROUTINE
C
C SUBROUTINES CALLED : RAN
C
C INPUTS : NONE
C
C OUTPUTS : NONE
C
C BOTH : ISEED
C
C UPDATES : NONE
C
C -----------------------------------------------------------------------

IMPLICIT REAL (A-il)
IMPLICIT REAL (O-Z)

INTEGEH'4 RANIT

COMMON / RANCOM / RANSEQ(97), RANLST

C EXERCISE SYSTEM ROUTINE

DO - I 1 , 97
DUMMY = RAN ( ISEED

10 CONTINUE

C STORE 97 RANDOM NUMBERS IN BUFFER ( 97 IS NOT SPECIAL

DO 20 I = , , 97
RANSEQ(I) = PAN ( ISEED

20 CONTINUE

C SAVE ANOTHER RANCOM NUMBEP :0 UE FP INDEX:NG BUFFER

RANLST = RAN ( ISEED )
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RETURN I
END

FILE: uuv22.19g/sutility/uuresp2r.for

C -----------------------------------------------------------------------
SUBROUTINE RESP2R ( DT,WD,ZD,CILL,CIL,CI,COLL,COL,CO )

C------------------------------------------------------------------------------
C .
C SUBROUTINE NAME : RESP2R
C
C AUTHOR(S) D. F. SMITHCI
C FUNCTION : Given a second order continuous filter of

C the form
C
C WD**2
C G(s) = -------------
C s-*2 + 2.0*ZD*WD*s + WD**2
C
C compute a digital filter which yields the
C same ramp response . The digital filter has

C the transfer function
C
C CI*z**2 + CIL*z + CILL

C G(z) =.........-------------
C CO*z**2 + COL*z + COLL
C

C CALLED FROM :UTILITY ROUTINEI

C SUBROUTINES CALLED : NONE

C INPUTS : DT,WD,ZD
C
C OUTPUTS : CILL,CILCI,COLL,COL,CO
C
C UPDATES : NONE

C
C -----------------------------------------------------------------------

IMPLICIT REAL (A-H)
IMPLICIT REAL (O-Z)

DATA ONE / 1.0 /
DATA TWO / 2.0

C Underdamped filter

IF ( ZD.LT.ONE ) THEN
A = WD*ZD
B = WD*SQRT ONE - ZD**2
TMP1 = EXP ( - A*DT
TMP2 = EXP ( - TWO*A-DT
TMP3 = CO. ( B*DT
TMP4 = SIN ( B*DT )
TMP5 = A*A + B*B

TMP6 = TMPI-TMP4*( A*A - B*B )/B
CI = TMP5*DT - TWO*A + TWO*A*TNPI*TMP3 + TMP6
CIL = TWO*( A - DT*TMP1*TMP3*TMP5 - TMP6 - A*TMP2
CILL = TMP6 - TWO*A*TMP1*TMP3 + TMP2*( TWO*A + TMP5*DT I
CO = TMP5*DT

COL = - TWOTMP1*TMP3*CO
COLL = TMP2*CO

END IF

C Critically damped filter

IF ( ZD.EQ.UNE ) THEN
A - WD
TMPI = EXP ( - A*DT I
TMP2 = EXP ( - TWO*A*DT

TMP3 = TWO + A*DT
TMP4 = - TWO + A*DT
CI = TMPI*TMP3 + TMP4
CIL = TWO*( ONE - TWO*A*DT*TMPI - TMP2 I
CILL TMPI*TMP4 + TMP2*TMP3
CO = A*DT
COL = - CO*TWO*TMPI I

I
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COLL = CO*TMP2
END IF

C Overdamped filter

IF ( ZD.GT.ONE ) THEN
TMP5 = SQRT ( ZD**2 - ONE
A = WD*TMP5
B = WD/TMP5
ASQ A*A
BSQ = BB
EXPA = EXP - A-DT
EXPB = EXP ( - B*DT
TMPI = A*DT + EXPA - ONE
TMP2 = B*DT + EXPB - ONE
TMP3 = ONE + A*DT
TMP4 = ONE + 9*DT
Ci = ASQ*TMP2 - BSQ*TMPI
CIL = ASQ*( ONE - EXPA*TMP2 - EXPB-TMP4

- BSQ*( ONE - EXPB*TMP1 - EXPA*TMP3
CILL = ASQ*EXPA*( EXPB*TMP4 - ONE

- BSQ*EXPB*( EXPA*TMP3 - ONE
CO = A*B*DT*( A - B )
COL = - CO*( EXPA + EXPB
COLL = CO*EXPA*EXPB

END IF

RETURN
END

FILE: uuv22.19g/sutility/uurotmx.for

C -----------------------------------------------------------------------
SUBROUTINE ROTMX(XI,XM)

C -----------------------------------------------------------------------
C
C SUBROUTINE NAME ROTMX
C
C AUTHOR(S) : J. SHEEHAN
C
C FUNCTION : GENERATES A DIRECTION COSINE MATRIX
C
C CALLED FROM UTILITY SUBROUTINE
C
C SUBROJTINES CALLED : NONE
C
C INPUTS : X,I
C
C OUTPUTS : XM
C
C UPDATES : D. SMITH - CR # 59
C
C -----------------------------------------------------------------------
C

IMPLICIT REAL (A-H)
IMPLICIT REAL (O-Z)
REAL XM(3,3)

SX - SIN(X)
CX = COS(X)

IF ( I.EQ.1 ) THEN
XM(l,1) = 1.0
XM(1,2) = 0.0
XM(I,3) = 0.0

XM(2,1) = 0.0
XM(2,2) = CX
XM(2,3) = SX

XM(3,1) = C.0
XM(3,2) = -SX
XM(3,3) = CX

END IF

IF ( I.EQ.2 ) THEN
XM(l,l) = CX
XM(l,2) = 0.0
XM(1,3) = -SX
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XM(2,1) = 0.0 3
XM(2,2) = 1.0
XM(2,3) = 0.0

XM(3, 1) = SX
XM(3,2) = 0.0
XM(3,3) = CX

END IF

IF ( I.EQ.3 ) THEN
XM(II) = CX
XM(1,2) = SX
XM(1,3) = 0.0

XM(2,1) = -SX
XM(2,2) = CX
XM(2,3) = 0.0

XM(3,1) = 0.0
XM(3,2) = 0.0 U
XM(3,3) = 1.0

END IF
RETURN
ENDi

FILE: uuv22.19g/sutility/uuseeker.for

SUBROUTINE SEEKER(T,ACQD, LAMSEK,MAGRTR, SKSEED,FRMRAT,FRMCNT,

SAMRAT, TRACK, TERM, SNR, LAMM)
C- -----------------------------------------------------------------------

SUBROUTINE NAME : SEEKER

C AUTHOR(S) : M. K. DOUBLEDAY, D. C. FOREMAN
C
C FUNCTION : SEEKER MODEL
C
C CALLED FROM : FORTRAN MAIN
C
C SUBROUTINES CALLED :NORM, TABLE

C INPUTS : T,ACQD,LAMSEK,MAGRTR
C
C OUTPUTS : SAMRAT,TRACK,TERM,SNR,LAMM

C
C BOTH : SKSEED,FRMRAT,FRMCNT
C
C UPDATES : T. THORNTON - CR # 014
C B. HILL - CR # 020

C D. SMITH - CR # 027
C Bo HILL - CR # 030
C B. HILL - CR # 038
C T. THORNTON - CR # 043 I
C T. THORNTON - CR # 044
C T. THORNTON - CR # 048
C D. SISSOM - CR # 053
C D. SMITH - CR # 059
C D. SMITH - CR # 064 I
C D. SISSOM - CR # 069
C D. SMITH - CR # 074
C D. SMITH - CR # 080
C B. HILL / - CR # 081
C R. RHYNE
C D. SMITH - CR # 082
C R. RHYNE - CR # 084
1 R. RHYNE - CR # 087
Z: R. RHYNE - CR # 088
C B. HILL - CR # 093C|
C------------------------------------------------------------------------------

IMPLICIT REAL (A-H)
IMPLICIT REAL (O-Z)

REAL ACQRNG(4,4) , LAMB(2) , LAMFOV
REAL LAMM(2) , LAMNEA(2) LAMSEK(2)

I ! I



19. Appendix N: EXOSIM 2.0 (End-to-end) 183

REAL LAMSK(2) MAGRTR
REAL NEA P ATE(6) , EKNOS(24)
REAL SEKTIM(24) ,TRGSIG(4)

INTEGER ACOD ,BCKGRD ,FRMCNT

I'"TEGER SEKTYP
INTEGER TERM ,TRACK

INTEGER*4 SKSEED

C LOCAL DATA USED FOR CONSTANTS, VARIABLES AND INITIALIZATION FLAG

SAVE ISEKR, IFOV

*DATA INITIALIZATION
SINCLUDE('^'/INCLUDE/SSCON47.DAT')
SINCLUDE ( ^/INCLUDE/SSCON48 .DAT')
$INCLUDE ( '/INCLUDE/SSCON5D DAT')
SINCLUDE ( '/INCLUDE/SSCON55 .DAT')
$INC'.UDE ( * /INCLUJDE/SSCON61 .DAT')
$INCLUDE('^iINCLUDE/SSCON68.DAT')
SINCLUDE('^/INCLUE,'SSCONID.DAT)
$INCLUDE('V/INCLUDE/SSCON'' 1.DAT')

DATA ISEKR I1/
DATA IFOV 0
DATA IT / 1 /

IF (ISEKR.EO.1) THEN

ISEKR D

IF ( SEKTYP.EO.2 ) THEN
TSIG =TRGSIG(ITRGSG)
TSGACO = TSIG
RAQREF = ACORNG(BCKGRD,ITRGSG)
RNGAQ = SORT) (TSGACO/TS-'G)*'(6. 0/SNRACO)*

(SORT (1./FRMRAT) )) 'RAQREF
EN~iF

ENO IF

C TEST FOR FIELD-OF-VIEW LIMIT

IF ( SEKTYP.EO.2 .AND. SNR.GE.3NRACQ )THEN
FOVCHK = FOVLIM

ELSE IF ( ACQD.EQ.1 .ANJ. SEKTYP.NE.2 )THEN
FOVCHK = FOV

ELSE
FOVCHK = 1000.

ENDIF
LAMFOV =AMAXi) LAMSEK(1) ,.LAMSEK(2)

IF ( LAMFOV.GE.FOVCHK .AND. IFOV.EQ.0 )THEN
CALL OUTMES(1201,T,0.D)
IFOV = 1

ELSE IF ( LAMFOV.LE.FOVCHK .AND. IF'OV.EQ.1 ) THEN
CALL OUTMES(1202,T,0.0)
IFOV =0

ENDIF

C DETERMINE SEEKER SAMPLE RATE FOR SEEKER TYPES 0 AND 1

* IF ( SEKTYP.EQ.0 .OR. SEKTYP.EQ.1 ) THEN
*IF ( MAGRTR .LE. RNGTRM )THEN

SANRAT =SAMTRM

IF (TERM.EQ.O) TERM I
* ELSE IF ( MAGRTR .LE. RNGTRK )ThEN

*SAMRAT - SAMTRK
* IF (TRACK.EQ.0) TRACK I

* ELSE
* SAMRAT = SAMACO

ENDIF
* ENDIF

C PERFECT SEEKER MODEL

* IF ( SEKTYP.EQ.D ) THEN
*LAMM(l) LAMSEK(1)
*LAMM(2) = LAASEK (2)
* FRMRAT = 1.0/SAMRAT

* ENDIF
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C SIMPLE SEEKER MODEL3

IF ( SEKTYP.EQ.1 ) THEN
* FRMRAT = 1.O/SAMRAT

CALL NORM(1.0,0.0,SKSEED,RANA)
* CALL TABLE (SEKTIM, SEKNOS, T, SKNOSA, 24, IT)

LAMSK(1) = LAMSEK(1) + O.001*RANA*SKNOSAI
CALL NORM(1.O,0.O,SKSEED,RANB)

* CALL TABLE (SEKTIM, SEKNOS, T, SKNOSB, 24, IT)
LAMSK(2) = LAMSEK(2) + 0.OO1*RANBSKNOSB

C ANGLE QUJANTIZATION3

IF ( QNTZP .GT. 0. ) THEN
LAMM(1) = (AINT(LAMSK(l))/QNTZP + 0.5)*QNTZP
LAMM(2) = (AINT(LAMSK(2))/QNTZP + C.5)*QNTZP

ELSEI

LAMM(2) = LAMSK(2)
END IF

ENDIF

C SEEKER MODEL DEPENDENT ON RANGE, FRAME, AND ENVIRONMENT

IF ( SEKTYP.EQ.2 ) THEN

C DETERMINE THE SIGNAL-TO-NOISE RATIO3

IF ( MAGRTR.LE.RFINAL ) THEN
SNR = (RAQREF**2/RFINAL**2) *(TSGACQ/TSIG) *

* (SQRT (1. 0/FRMRAT) )*SNRACQ
ELSE

SNR = (RAQREF**2/MAGRTR**~2) *(TSGACQ/TSIG) *I
* (SQRT(1.0/FRMRAT))*SNRACQ

END IF

C CALCULATE THE NOISE EQUIVALENT ANGLE (RADIANS) FROM THE
C EFFECTIVE SNRI

NEA = (32.56*SNR**(-0.299l2))*1.0E-6

C MULTIPLY NOISE EQUIVALENT ANGLE BY NORMALLY DISTRIBUTED RANDOM

C VARIABLE WITH A MEAN OF ZERO AND A STANDARD DEVIATION OF ONEI

CALL NORM(1.0,0.0,SKSEED,RANA)
CALL NORM(1.0,0.0,SKSEED,RANB)

LAMNEA(1) = NEA*RANAI

C DETERMINE MEASURED LOS ANGLE (RADIANS)

LAMB(1) = LAMSEK(I) +LAMNEA(I)I
LAMB(2) = LAMSEK(2) + LAMNEA(2)

C QUANTIZE THE MEASURED LOS ANGLE (RADIANS)

IF ( QNTZP.GT.0O ) THENI
LAMM(1) - (AINT(LAMB(1)/QNTZP + 0.5))*QNTZP
LAMM(2) = (AINT(LAMB(2)/QNTZP + 0.5))*QNTZP

ELSE

LAMMMl = LAMB())

LAMM(2) = LAMB(2)I

C DETERMINE IF A FRAME RATE SWITCH IS REQUIRED

IF ( MAGRTR.LE.RFINAL ) THEN
FRMRi = ((6.0ISNRMIN*(TSGACQ/SIG)(RAQREF**2/RFINAL**2))**2

ELSE
FRMR = ((6.0/SNRMIN)*(TSGACQ/TSI )'RAQREF*2/AGRTR**2))**2

ENDIF

IF ( FRMR.GE.RATE(FRMCNT) .AND. FRMCNT.LT.7 )THEN
FRMRAT = RATE(FRMCNT)
FRMCNT = FRMCNT + 1
CALL OUTMES(1203,T,FRMRAT)

ENOIF

ENDIFI

RETURN
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END

FILE: uuv22.19g/sutility/uussplag.for

C -----------------------------------------------------------------------
SUBROUTINE SSPLAG(T,LAMM,RREL,VREL,TI2M,SNR,LATCH,KFSF,TKFU,

LAMMO, RRELO,VRELO, TI2MO, SNRO)
C- -----------------------------------------------------------------------
C
C SUBROUTINE NAME SSPLAG
C
C AUTHOR(S) : 0.F. SMITH
C
C FUNCTION : Emulate the signal processing lag which
C occurs between the seeker signal processor
C input and output.
C
C CALLED FROM : FORTRAN MAIN
C
C SUBROUTINES CALLED : NONE
C
C INPUTS : T,LAMM,RREL,VREL,TI2M,SNR,LATCH
C
C OUTPUTS : KFSFTKFU,LAMMO,RRELOVRELO,TI2MOSNRO
C
C UPDATES : D. SISSOM - CR # 069
C B. HILL / - CR # 081
C R. RHYNE
C R. RHYNE - CR 4 087
C
C -----------------------------------------------------------------------

PARAMETER (NSAVMX=I0)

IMPLICIT REAL (A-H)
1IPLICIT REAL (O-Z)

REAL LAMM(2), LAMMO(2), LAMMSV(2,NSAVMX)
REAL RREL(3), RRELO(3), RRELSV(3,NSNVMX
REAL VREL(3), VRELO(3), VRELSV(3,NSAVMX)
REAL TI2M(9), TI2MO(9), TI2MSV(9,NSAVMX)
REAL SNR, SNRO, SNRSV(NSAVMX)
REAL TLATCH(NSAVMX)

DATA INITIALIZATION
$INCLUDE('^/INCLUDE/SSSSPLAG.DAT')
SINCLUDE('^/INCLUDE/SSCON56.DAr

'
)

C ENSURE THAT BUFFER BOUNDARIES ARE NOT VIOLATED

IF ( LATCH.GT.0 ) THEN
NLATCH = NLATCH + 1
IF ( NLATCH.GT.NSAVMX ) THEN

CALL OUTMES(1301,0.0,0.0)
ENDIF

ENDIF

C LATCH DATA INTO BUFFER AT MEASUREMENT TIME

IF ( LATCH.GT.0 ) THEN
TLATCH(NLATCH) = T + SPLAG
LAMMSV(1,NLATCH) = LAMM(l)
LAMMSV(2,NLATCH) = LAMM(2)
RRELSV(INLATCH) = RREL(1)
RRELSV(2,NLATCH) = RREL(2)
RRELSV(3,NLATCH) = RREL(3)
VRELSV(1,NLATCH) = VREL(l)
VRELSV(2,NLATCH) = VREL(2)
VRELSV(3,NLATCH) = VREL(3)
TI2MSV(1,NLATCH) = TI2M(l)
TI2MSV(2,NLATCH) = TI2M(2)
TI2MSV(3,NLATCH) - TI2M(3)
TI2MSV(4,NLATCH) = TI2M(4)
TI2MSV(5,NLATCH) = TI2M(5)
TI2MSV(6,NLATCH) TI2M(6)
TI2MSV(7,NLATCH) T:2M(7)
TI2MSV(8,NLATCH) = TI2M(3)
TI2MSV(9,NLATCH) = T12M(9)
SNRSV(NLATCH) = SNR
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ENDIF 3
C UNLATCH DATA FROM BUFFER AT KALMAN FILTER PROCESSING TIME

IF ( LATCH.LT.0 ) THEN
LAMMO(1) = LAMMSV(I,I)
LAMMO(2) - LAMMSV(2,1)
RRELO(1) = RRELSV(I,1)
RRELO(2) = RRELSV (2,1)

RRELO(3) - RRELSV(3,1)
VRELO(1) - VRELSV(1,1)
VRELO(2) = VRELSV(24 I
VRELO(3) - VRELSV(3,1)VRELO(3) TIVRESV(3,1)
TI2MO(1) = TI2MSV(1,1)
TI2MO(2) - TI2MSV(2,1)T12MO(3) - T12MSV(3,I)

TI2MC(4) = TI2MSV(4,1)
T12MO(5) - Ti2MSV(5,!)
TI2MO(6) = TI2MSV(6,.)
TI2MO(7) = TI2MSV(7,1)
TI2MO(8) = TI2MSV(8,1)
TI2MO(9) = TI2MSV(9,1) I
SNRO = SNP-V (l)

ENDIF

C ALTER BUFFER CONTENTS WHEN DATA IS UNLATCHED

IF ( LATCH.LT.0 ) THEN
DO 20 I = 1 , NLATC"-!

TLATCH(I) = TLATCH(I+1)
LAMMSV(1,I) = LAMMSV(1,I+l)
LAMMSV(2,I) = LAMMSV(2,I+I) I
RRELSV(1,I) = RRELSV(l,I+1)
RRELSV(2,I) = RRELSV(2,I+I)
RRELSV(3,I) = RRELSV(3,I+I)
VRELSV(1,I) = VRELSV(l,I+l)
VRELSV(2,I) = VRELSV(2,T+i)
VRELSV(3,I) = VRELSV(3,I+i)
TI2MSV(I,I) = TI2MSV(1,I+l'
TI2MSV(2,I) = TI2MSV(2,I+1)
TI2MSV(3,I) = TI2MSV(3,I+1)
TI2MSV(4,I) = TI2MSV(4,1.1)
TI2MSV(5,I) = TI2MSV(5,I+l)
TI2MSV(6,I) = TI2MSV(6,I+l)

TI2MSV(7,I) = TI2MSV(7,I+l)
TI2MSV(8,I) = TI2MSV(8,1 1)
TI2MSV(9,I) = T12MSV(9,I+1)
SNRSV(I) = SNRSV(iT!)

20 CONTINUE
TLATCH(NLATCH) = 0.0
LAMMSV(1,NLATCH) = 0.0
LAMMSV(2,NLATCH) = 0.0
RRELSV(1,NLATCH) = 0.0
RRELSV(2NLATCH) = 0.0
RRELSV(3,NLATCH) = 0.0
VRELSV(I2NLATCH) = 0.0
VRELSV(2,NLATCH) = 0.0 I
VRELSV(3,NLATCH) = 0.0
TI2MSV(I NLATCH) = 0.0
TI2MSV(2,NLATCH) = 0.0
TI2MSV(3,NLATCH) = 0.0
TI2MSV(4,NLATCH) = 0.0 I
TI2MSV(5,NLATCH) = 0.0
T12MSV(6,NLATCH) = 0.0
TI2MSV(7,NLATCH) 0.0
TI2MSV(8,NLATCH) = 0.0
TI2MSV(9,NLATCH) = 0.0
SNRSV(NLATCH) = 0.0
NLATCH = NLATCH 1

E NDI F

C DETERMINE TIME OF NEXT KALMAN FILTER UPDATE AND ENABLE KALMAN
FILTER SCHEDULING FLAG AS NEEDED _ _ I
IF ( LATCH.ST.0 .AND N7AH..

TKFU U 7LATC (I)
KFSFm

ELSE IF >\CP.LTI.AND. GT.G 7?. ? )
T KFU = TLATCH (I
KFSF = I

ELSE I

I
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KFSF = 0
ENDIF

RETURN
END

FILE: uuv22.19g/sutility/uutable.for

C -----------------------------------------------------------------------
SUBROUTINE TABLE(XTAB, YTAB, XY,N,I)

C -----------------------------------------------------------------------
C
C SUBROUTINE NAME TABLE
C
c AUTHOR(S) : D. SM:TH
C

FUNCTION : PERFORMS TABLE LOOKUP VIA ETHER NDEXED
C SEARCH OR BINARY SEARCH AND LINEARLY
C INTERPOLATES
C
C CALLED FROM : UTILITY SUBROUTINE
C
C SUBROUTINES CALLED : NONE
C
C INPUTS : XTAB,YTAB,X,N
C
C OUTPUTS : Y
C
C BOTH : I
C
C UPDATES : D. SMI&H - CR # 27
C B. HILL - CR # 38
C B. HILL - CR # 46
C D. SMITH - CR # 59
C
C -----------------------------------------------------------------------
C

IMPLICIT REAL (A-H)
IMPLICIT REAL (O-Z)
INTEGFQ NI
REAL XTAB(N),YTAB(N)

C
IF ( I.GE.I .AND. I.LE.N ) THEN

IF ( X.LE.XTAB(1) ) THEN
Y = YTAB(I)
I =1

ELSE IF ( X.GE.XTAB(N) ( THEN
Y = YTAB (N)
I N

ELSE IF (X.GE.XTAB(I) ) THEN
DO 10 K = I , N-I

IF ( X.LT.XTAB(K+I) ) GO TO 20
10 CONTINUE
20 FRACT = ( X - XTAB(K) ) / (XTAB(K+1) - XTAB(K)

Y = YTAB(K) + FRACT * (YTAB(K+I) - YTAB(K)
I = K

ELSE IF ( X.LT.XTAB(I) ) THEN
DO 30 K = I-I 1 , -I

IF ( X.GE.XTAB(K) ) GO 7O 40
30 CONTINUE
40 FRACT = ( X - XTAB(K) ) I (XTAB(K+I) - XTAB(K)

Y = YTAB(K) + FRACT ( YTAB(K+I) - YTAB(K) )
I K

END IF
C
C PERFORM BINARY SEARCH IF POINTER IS ZERO OR OUT OF BOUNDS
C

ELSE IF ( I.LT.1 .OR. I.GT.N ) THEN
IF ( X.GT.XTAB(1) .AND. X.LT.XTAB(N) ( THEN

K = 1
L N
DO 50 I = K , L

IF ( LoEQ.K+i ) GO TO 60
M = ( K + L ) /2
IF (X.LT.XTAB(M) ) THEN

L M
ELSE

K M
END IF
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50 CONTINU.
60 FRACT = ( X - XTAB)K) )/ XTABCL) - XTAB)K)

Y = YTAB(K) +FRACT )YTAB(L) - YTAB(K)
I =K

ELSE IF (X.LE.XTAB(l)) THEN
Y =YTAB3(l)

1I
ELSE IF (X.GE.XTAB(N) )THEN

Y YTAB(N)
I =N

END IF

END IF

RETURN
END

FILE: uuv22.19g/sutility/uutimer.for

SUBROUTINE INITIALIZETIMER()
SINCLUDE ( :PFP: INCLUDE/TARGET.FOR')U
SINCLUDEC'^/INCLUDE/UUTIMER.COM')
$INCLLJDE '/INCLUDE/SSCON22. DAT')
SINCLUDE( ^/INCLUDE/SSCON23.DAT-)

INTEGER BN, TN

flO 20 BN=1,4I
DO 10 TN=1,500

NUMBER TIMER(BN,TN) = 0
NUMBERTICKS(BN,TN) = 0.0

10 CONTINUEI

S0COTIE=I )TTI*10.

STAGE1 = INT4( TSTG2 1000.0

CALL RESET TIMER))

END

SUBROUTINE START TIMER) TN
$INCLUDE( :PFP:INCLUDE7TARGET.FC)R')
SINCLUDE '^/INCLUDE/UUTIMER.COM')

INTEGER TN

TIMER(TN) - READ TIMER))

END

SUBROUTINE STOP TIMER( TNI
SINCLUDE )*: PFP: INCLUDE/TARGET. FOR')
SINCLUDE ( '/INCLUDE/UUTIMER.COM')

INTEGER TN

TIMER(TN) =TIMER(TN) - READ_TIMER)

NUMBERTIMER(4.TN) = NUMBER_-TIMER(4,TN) + 1
NUMBERTICKs(4,TN) = NUMBERTICKS(4.TN) + DBLE(TIMER(TN))

IF ( NUMBER TIMER(4,TN) .LT. STAGE1 ) THEN3
NUMB3ERTIMER(1,TN) = NUMBER TIMER(1,TN) + 1
NUMBER TICKS(ITN) = NUMBER TICKS)1.TN) + DBLE(TIMER(TN))

ELSEIF ( NUMBERTIMER(I,,Ti1) ELT. STAGE2 ) THEN
NUMBERTIMER(2,TN) NUMBER TIMER&(2,TN) +

NUMBERTICKS(2,TN) = NUMBER TICKS(2,TN) + DBLE(TIMER(TN))I
ELSE

NUMBER TIMER(3,TN) = NUMBER TIMER(3,TN) + I
NUMBERTICKS(3,TN) = NUMBER TICKS)3,TN') + DBLE(TIMER(TN))

ENDIF

END

SUBROUTINE OUTPUT TIMER))
SINCLUDE)' :PFP:INCLUDE/TfARGET.F)R')

SINCLUDE(C WINCLUDE/UUTIMER.COM')

INTEGER BN, TNI

DO 20 TN=1. 500
IF ( NUMBER TIMER 14.TN) .NE. 0 ) THEN
CALL OUTPUT_-MESSAGE)%VAL(SIGNED_16BT) ,TN, %VAL)INT2 (l)))

CALL OUTPUTMESSAGEC%VAL(CHARACTERO8BIT), 'TIMER

DO 10 BN=1,.4
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IF ( NUMBER TIMER(BN,TN) .NE. 0 ) THEN
AVERAGE = INT4 (NUMBER_T:CKS(BN,TN)/

& DBLE(NUMBER TIMER(BN,TN)))
ELSE
AVERAGE = 0

ENDIF
CALL OUTPUT MESSAC-E(%VAL(SIGNED 32BIT),AVERAGE,

& %VAL(INT2(l)))
10 CONTINUE

CALL OUTPUTNL
END IF

20 CONTINUE
END

FILE: uuv22.19g/sutility/uutlu2el.foc

C -----------------------------------------------------------------------
SUBROUTINE TLU2EI ( X, Y, F, I, J, TBVAL )

C SUBROUTINE NAME AERO
C

C
C FUNCTION PERFORMS A LINEAR TABLE LOOK-UP OF A TABLE
C WITH TWO INDEPENDENT VARIABLES, AND RETURNS
C INDICES POINTING TO THE AREA OF THE TABLE
C IN USE
C
C CALLED FROM AERO, BAUTO
C
C SUBROUTINES CALLED ABS
C
C INPUTS : X,Y,F
C
C OUTPUTS I,J,TBVAL
C
C UPDATES D. SMITH - CR * 59
C
C------------------------------------------------------------------------------
C

IMPLICIT REAL (A-H)
IMPLICIT REAL (O-Z)
REAL F( 3

C
EQUIVALENCE (N12, NYU), (N21, NXL;, (N22, NXU), (NIl, ISP)
EQUIVALENCE ( DX, XX), ( DY, YY)

C COMPUTE UPPER AND LOWER BOUNDS ON INDICES FOR XX AND YY
C

NXU = ARSI F(l) ) + .1
MPI = ABS( F(2) ) + 1.1
NYU = MPI + I
NXL = NYU + I
NXU = NXU*MP1 + 2
JS = J
IS = I
XX = X
yy = y
IF(( F(l) .GE. 0.0 ).AND.( F(2) .GE. 0.0 )) GO TO 5

C
C SWAP THE INDEPENDENTS - MIRROR IMAGE TABLE WITH FIXED
C PROGRAM CALLING SEQUENCE
C

XX = Y
YY = X

5 CONTINUE
C
C GET POINTERS WITHIN LIMITS
C

IF( IS .LT. NXL ) IS = NXL
IF( JS .LT. 3 JS = 3

C
C FIND GREATEST LOWER BOUND ON INDEX FOR YY
C (UNLESS YY IS OFF THE TABLE)
C

10 CONTINUE
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IF( YY .LE. F(JSP) GO TO 30IFI
IF) .S-.EQ. NYU GO TO 100
Js = JSP
GO TO 10

C
20 CONTINUE

IF( JS .EQ. 3 ) GO TO 100
Js - Js - 1

C
30 CONTINUE

IF( YY .LT. F(JS) ) GO TO 20
C
C FIND GREATEST LOWER BOUND ON INDEX FOR XX

C (UNLESS XX IS OFF THE TABLE)
C

C00 CONTINUE
ISP = IS + MPI
IF( XX .LE. F(ISP) ) GO TO 300

IF( ISP .EQ. NXU ) GO TO 400
IS = ISP
GO TO 100

C I
200 CONTINUE

IF( IS EQ. NXL ) GO TO 400
IS = IS - MPI

C
300 CONTINUE

IF( XX .LT. F(IS) ) GO TO 200
C

400 CONTINUE
C
C SET UP INDEXING+ F(JS) YY F(JS+I)
C (INTERPOLATING)
C * *
C F(IS) F(NIi) F(N12)
C *
C XX * XJ DOUBLE XJPI *
C * *
C F(IS+MPI) * F(N21) F(N22)
CCC i***s +* ************"**

N1l = IS + is - 23
N12 = Nil + 1
N21 = Nil + MP1
N22 = N21 + 1 C1
IPMP1 = IS + MP1
DX = ( XX - F(IS) )/( F(IPMPI) - F(IS)

XJ = (F(N21) - F(Nii) )*DX + F(NII)
XJPI = (F(N22) - F(N12) )*DX + F(N12)
DY = C YY - FtJS) )M( F(JS + 1) - F(JS) 1

C RESULTS
C

J = JS
I = IS

C ISTBVAL = ( XJP1 - XJ )*DY + XJ

RETURN
END

FILE: uuv22.19g/sutility/uuvcsthl.for

SUbRUZ1INt VCSTHI(T,CG,TBURNMIVCS,TOFFLT,TIMONV,DTOFFV,TVTAB,
FOFFI,FOFF2,IVTABrXVC ,WvVCS,FZVCS,MXVCS,MYVCS,MZVCS,MDOTV)

-----------------------------------------.-.---------------------------

C
C SUBROUTINE NAME VCSTHR
C
C AUTHOR(S) B. HILL
C
C FUNCTION ESOL'.0Z. THF VCS THRUSTER BURN TIMES r,-

THEIR AePROQKiATE tORCES AND MuMENIb
C
C CALLED FROM FORTRAN MAIN
C I

I
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C SUBROUTINES CALLED TABLE
C
C INPUTS T,CG, TBURNM, IVCS,TOFFLT, TIMONV, DTOFFV,
C TVTAB,FOFFI,FCFF2
C
C OUTPUTS FXVCS,FYVCS,FZVCS,MXVCS,MYVCS,MZVCS,MDOTV
C
C BOTH IVTAB
C
C UPDATES D. SISSOM - CR # 017
C B. HILL - CR # 030
C D. SISSOM - CR # 032
C B. HILL - CR # 038
C T. THORNTON - CR # 043
C B. HILL - CR # 051
C B. HILL - CR # 057
C D. SMITH - CR # 059
C D. SISSOM - CR # 069
C D. SMITH - CR 4 074
C D. SMITH - CR # 076
C D. SMITH - CR # 080
C B. HILL / - CR # 081
C R. RHYNE
C D. SMITH - CR # 08z
C R. RHYNE - CR # 084
C B. HILL - CR # 086
C R. RHYNE - CR # 087
C B. HILL - CR # 089
C B. HILL - CR # 093
C
C -----------------------------------------------------------------------

IMPLICIT REAL (A-H)
IMPLICIT REAL (O-Z)

REAL ATHRV(4) CG(3) , DTOFFV(4)
REAL F(3) F0(3)
REAL FOFF1(4) FOFF2(4) , ISPVCS
REAL M(3) MDOTV , MXVCS
REAL MYVCS MZVCS , THVCS(6,4)
REAL TMVCS(6,4) TOFFLT(4)
REAL VCSDIR(3,4) VCSLOC(3,4) , VCSMA(9,4)
REAL VOFFI(4) VOFF2(4) , XMOT(3)

INTEGER INDX(4)

INTEGER LENVCS(4)

C LOCAL DATA USED FOR CONSTANTS, VARIABLES AND INITIALIZATION FLAG

SAVE IVCSTH , VCSMA

DATA INITIALIZATION
$INCLUDE('^/INCLUDE/SSVCSTHR.DAT

'
)

$INCLUDE('^/INCLUDE/SSCON70.DAT
'
)

$INCLUDE('^/INCLUDE/SSCON09.DAT')

DATA IVCSTH / 1 /

IF (IVCSTH.EQ.1) THEN

IVCSTH = 0

C VCS MISALIGNMENT DIRECTIONS
C VOFFi = CONE ANGLE OFF NORMAL
C VOFF2 = POLAR ANGLE

DO 10 I = 1,4
VOFFI(I) = FOFFI(I)
VOFF2(I) = FOFF2(I)

10 CONTINUE

C VCS THRUSTER MISALIGNMENT MATRIX

DO 200 I = 1 , 4
CVOFF1 = COS(VOFF1(I))
SVOFFI f7. ' jrL . 1;
LVOFF2 COS(VOFF2(I))
SVOFF2 SIN(VOFF2(I))
VCSMA(lI) = CVOFFI
VCSMA(2,I) = SVOFFI*CVOFF2
VCSMA(3,I) = SVOFF1*SVOFF2
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VCSMA(4,I) = SVOFFI1SVOFF2

VCSMA(5,I) = CVOFE).
VCSMA(6,I) = SVOFFI-CVOFF2
VCSMA(7,E) =SVOFF1*CVOFF2
VCSMA(8,I) = SVOFFI1SVOFF2
VCSM-A1,I) = CVOFF1

200 CONTINUEI

C RESET THE FORCE AND MOMENT TO ZERO

FXVCS =0.03
FYVCS =0.0
FZVCS =0.0
MXVCS -0.0
MYVCS =0.0

MZVCS -0.0I

IF (IVTAB .EQ. 1) THEN

The IVTAB assignment was moved to the partition with VCSLOGI

IF ( TBURNM .GE. TCMINV ) THEN

C DEFINE VCS THRUST PROFILE

TMVCS(1,IVCS) =TVTAB
THVCS(1,IVCS) =0.0
TMVCS(2..IVCS) =TIMONV
THVCS(2,IVCS) =0.0
TMVCS(3,IVCS) =TIMONV + TRUPVI
THVCS (3. IVCS) =FLATM
TMVCS(4,IVCS) - TIMONV + TBURNM
THVCS(4,IVCS) -FLATM
TMVCS(5,IVCS) -TMVCS(4,IVCS) 4 TRDNV
THVCS(5,IVCS) =0.0I

TECVCS(6,IVCS) -0.0
LENVCS(IVCS) =6

TBURNM =0.0I

ENDIF

C GENERATE THRUSTER RESPONSE CURVE

DO 15 I=1,4
IF ( DTOFFV(I)bGT.0.0 ) THEN

TMVCS(1,I) =TVTAB
THVCS(1,I) = 0.0

TMV CS(2,I) =TVTAB + TLAGVI

TMVCS(3,I) =TMVCS(2,I) + TRUPV
THVCS(3,I) = FLATM
TMVCS(4,I) = TOFFLT(I)

THVCS(4,I) = FLATMU
TMVCS(5,I) = TMV CS(4,I) + TRDNV
THVCS(5,I) = 0.0
TM VCS(6,I) = 999.0
THVCS(6,I) = 0.0

LENVCS(I) = 6I
15 CONIU

ENDIF

C SET TABLE LOOKUP REFERENCE TIME

TRFF = T

DO 20 1=1,4

C COMPUTE INSTANTANEOUS THRUST LEVEL VIA TABLE LOOKuP IF VCSI
C CYCLE IS SCHEDULED FOR THIS THRUSTER . ALSO EXTRAPOLATE TIME
C OF NEXT Vr"S TABLE LOOKUP INDEX TRANSITION

IF ( TMVC.,>-.GT.0.O ) THEN

CALL TABLE(TMVCS(l,I),THVCS(1,1),TREF,ATHRV(I),I

ELSE
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ATHRV(I) = 0.0
INDX (I) = 0

ENDIF

C CALCULATE FORCES AND MOMENTS DUE TO THE VCS THRUSTERS
F(I) IS THE FORCE ALONG THE Ith AXIS.

C XMOT(I) IS THE EFFECTIVE MOMENT ARM.
C FORCES ARE ADJUSTED FOR MISALIGNMENT EFFECTS.
C THE MOMENT GENERATED IS ( F x XMOT).

DO 25 J=1,3
FO(J) =VCSDIR(J,I)*ATHRV(I)
XMOT(J) =CG(J) - VCSLOC(J, I)

Z5 CD NTINUE

F(l) = VCSMA(1,1)'FC(I.) 'VCSMA(4,7flFO(2) VCSMA(7,I)*F0(3)
F(2) =VCSMA(2,I)*FG(I) -VCSmA(5,:)*FC(2) VCSMA(8,I)lF0(3)
F(3) = VCSMA(3,I()*FC(1) +VCSMA(G,I-)'*F(2) -VCSMA(9,I)*FO(3)

M(l) = F(2)*XMOT(3) - F(3)*XMOT(2)
M(2) = F(3)*XMOT(l) - F(1)*XMOT(3)
M(3) = F(1)*XMOT(2, - F'(2)*XMOT(1)

FXVCS = FXVCS + F(1)
FYVCS =FYVCS + F(2)
FZVCS = FZVCS + F(3)
MXVCs = MXVCS + M~i)
MYVCS = MYVCS + M(2)
MZVCS = MZVCS + M(3)

MDOTV = MDOTV + ATNRVUI)/ISPVCS
20 CONTINUE

END


